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Historical Catches of Humpback Whales, Megaptera novaeangliae, 
in the North Atlantic Ocean: 
Estimates of Landings and Removals 


Introduction 


Humpback whales, Megaptera no- 
vaeangliae, in the North Atlantic Ocean 
have been the subjects of an enormous 
amount of research in recent decades, 
including studies of population structure 


Tim D. Smith is with the World Whaling History 
Project, 1562 Purple Way, Redding, CA 96003. 
Randall R. Reeves is with Okapi Wildlife Asso- 
ciates, 27 Chandler Lane, Hudson, Quebec JOP 
1HO, Canada (e-mail for correspondence: World- 
WhalingHistory @ gmail.com). 


ABSTRACT— Whaling for humpback whales, 
Megaptera novaeangliae, in the North At- 
lantic Ocean has occurred in various forms 
(e.g. for local subsistence, for oil to be sold 
commercially, using hand harpoons and 
deck-mounted cannons, using oar-driven 
open boats and modern powered catcher 
boats) from the early 1600's to the pres- 
ent. Several previous attempts to estimate 
the total numbers of humpback whales 
removed were considered close to compre- 
hensive, but some uncertainties remained. 
Moreover, the statistical uncertainty was 
not consistently presented with the previ- 
ous estimates. Therefore, we have pursued 
several avenues of additional data col- 
lection and conducted further analyses to 
close outstanding data gaps and address 
remaining issues. Our new estimates of 
landings and total removals of humpback 
whales from the North Atlantic are 21,476 
(SE=214) and 30,842 (SE=655), respec- 
tively. These results include statistical 
uncertainty, reflect new data and improved 
analysis methods, and take account of some 
fisheries for which estimates had not been 
made previously. The new estimates are not 
sufficiently different from previous ones to 
resolve the major inconsistencies and dis- 
crepancies encountered in efforts to deter- 
mine the conservation status of humpback 
whale populations in the North Atlantic. 
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and distribution, social organization 
and behavior, abundance, and histori- 
cal levels of removals. The Scientific 
Committee of the International Whal- 
ing Commission (IWC) began giving 
attention to the status of North Atlantic 
humpbacks in the 1970’s, and during 
2002-03 attempted to integrate what 
was known about the whales in this 
ocean basin using a population model- 
based approach. Population status was 
assessed primarily in terms of the ratio 
of present abundance to that prior to the 
beginning of commercial whaling in the 
1600’s, accounting for the existence of 
distinct breeding populations and the 
direct demographic effects of removals 
by whaling (IWC, 2003). 

Although not generally viewed as one 
of the main target species of premodern 
whaling, the humpback was at least a 
secondary seasonal target of American 
shore-based and ship-based open-boat 
whalers in the late 18th century and 
much of the 19th century. Humpback 
whaling in the North Atlantic has 
been described by a series of papers, 
beginning with Mitchell and Reeves 
(1983:198), who noted, “Rather than 
experiencing a single, short, well docu- 
mented period of intensive exploitation, 
the . . . [western] population . . . has 
been subjected to several centuries of 
hunting marked by at least three well 
documented peaks.” 

Subsequent work included the eastern 
and central North Atlantic and used 1) 
additional data sources (Reeves and 
Smith, 2002), 2) the results of various 
regional studies (Reeves et al., 2001a, 
2001b, 2002a, 2002b, 2004, 2006), 
and 3) statistical sampling methods de- 
signed to obtain unbiased estimates of 


total removals (e.g. Smith and Reeves, 
2003b). In documents prepared for the 
IWC Scientific Committee (Smith and 
Reeves, 2002, 2003a), we estimated 
landings and removals for 13 region- 
ally and operationally defined fisheries 
(Reeves and Smith, 2002: Table 1). To 
avoid forming an estimate that was a 
lower bound, the committee attempted 
to identify a best possible estimate for 
all years that each fishery was known to 
operate, even if that meant making sub- 
stantial assumptions for some fisheries. 
Our work for the Scientific Committee 
resulted in an estimated total of roughly 
29,000 humpback whales removed from 
the entire North Atlantic by whaling 
since 1616 (IWC, 2002, 2003). 

That estimate is substantially higher 
than the lower bound of roughly 7,000 
whales from Mitchell and Reeves 
(1983), which those authors used for 
a “conservative minimum estimate” of 
pre-whaling abundance in the western 
North Atlantic. Our 29,000 estimate for 
the Scientific Committee had a differ- 
ent purpose (population modeling) and 
was not intended to be a lower bound. 
Also, it took account of catches in other 
areas of the North Atlantic, particularly 
Norway, the Faroes, and the Cape Verde 
Islands. The Scientific Committee used 
the estimates from Smith and Reeves 
(2003a: Table 3), broken down by area, 
in a 2-population, spatially explicit 
population model to attempt to assess 
the status of humpbacks in the North At- 
lantic. All base-case models considered 
by Punt et al. (2007) in their analysis 
of the sensitivity of the assessment to 
various uncertainties suggested pre- 
whaling abundance levels in the range 
of 20,000—30,000. 
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Lithograph of a humpback whale, drawn by Charles M. Scammon (Scammon, 1874: Plate VID). 


Lithograph entitled “Humpbacks lobtailing, bolting, breaching and finning,” drawn by Charles M. Scammon (Scammon, 1874: 


Plate VIII). 


A critical review completed in 2007 
(Smith and Pike, 2009) identified 7 
specific areas of uncertainty surround- 
ing the status of North Atlantic hump- 
back whales. For example, it identified 
uncertainties concerning population 
structure, population size, and spatial 
mixing of individuals from different 
feeding or breeding areas. The review 
also highlighted the problem of lack 


of fit of the population models and 
inconsistencies between catch-based 
estimates of pre-whaling abundance and 
genetics-based estimates of long-term 
historical abundance. 

Those authors also identified several 
directions for research to address the 
uncertainties, one of which was to im- 
prove the catch history, specifically “fill- 
ing in some residual uncertainties and 


completing estimates of sampling un- 
certainty” (Smith and Pike, 2009:173). 
In this paper, we use new catch data 
for some fisheries and reanalyze previ- 
ously available data for other fisheries 
to develop new estimates (with associ- 
ated estimates of statistical precision) of 
humpback whale landings and removals 
for the entire North Atlantic from the 
early 17th century to the present. 
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“Outlines of a Humpback, with special reference to its short and broad pectorals, and to the parasites, commonly called barnacles, 
which adhere to the throat, pectorals, and caudal fin.” From Scammon (1874:47). 


Table 1.—North Atlantic fisheries and sub-fisheries that took (or may have taken) humpback whales, following Reeves and Smith (2002), showing the numbering system used 
and the corresponding Eras and Operations, following Reeves and Smith (2006). 


Fishery 


Subfishery Era 


Operation 


1. Norwegian mechanized shore 


2. Norwegian mechanized offshore 
3. Greenland nonmechanized shore 
4. Greenland mechanized shore 

5. Canada nonmechanized coastal 
6. Canada nonmechanized offshore 
7. American nonmechanized shore 
8. American mechanized coastal 

9. Bermuda nonmechanized shore 
10. West Indies nonmechanized shore 


11. American nonmechanized offshore 


12. Cape Verde Islands nonmechanized shore 
13. Madeira nonmechanized shore 


1 


. N. Norway 


2. W. Norway 

3. Svalbard 

4. Iceland 

5. Faroes 

6. British Isles 

7. Newfoundland 

8. Gulf of St. Lawrence 
9. Nova Scotia 

10. Grenada 


1 


. Spain—Portugal 


Norwegian-Style Shore 


. Barbados 

. St. Vincent and the Grenadines 
. Grenada 

. Trinidad 

. St. Lucia 

. Turks and Caicos 

. West Indies 

. Cape Verde Is. 

. Other areas 


Factory Ship 

Arctic Aboriginal 

Norwegian-style Shore 
American-style Offshore (Pelagic) 
American-style Offshore (Pelagic) 
American-style Shore 
American-style Offshore (Pelagic) 
American-style Shore 
American-style Shore 
American-style Shore 
American-style Shore 
American-style Shore 
American-style Shore 
American-style Shore 
American-style Offshore (Pelagic) 
American-style Offshore (Pelagic) 
American-style Offshore (Pelagic) 
American-style Shore 
American-style Shore 


Materials and Methods 


The analyses here were organized 
according to the same 13 fisheries as 
those defined by Reeves and Smith 
(2002). Based on improved under- 
standing of whaling in the North At- 
lantic, however, some of the names of 
the fisheries (and their subfisheries) 
have been changed (Table 1). For 
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three ship-based fisheries (Fisheries 
2, 6, and 11), we replaced the word 
“pelagic” with “offshore” to reflect 
their operations more accurately and 
to distinguish them from near-shore 
fisheries. We also redefined one fish- 
ery, previously termed American 
Nonmechanized Coastal. We divided 
it into shore-based and ship-based 
components. The shore-based compo- 


nent is now included in the American 
Nonmechanized Shore fishery (Fishery 
7). The vessel-based component is now 
included in the Other Areas subfishery 
of the American Nonmechanized Off- 
shore fishery (Fishery 11). 

The 13 fisheries were cross-refer- 
enced to the taxonomy of Reeves and 
Smith (2006), where global whaling 
was classified according to Operations 
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Plate X. WHALES. 


Sperm. 


Russian,or North West 


Cakitornia Gray,or Bay. 
Length, from 40 to 60 feet, 
Oil from, 25 to 30 bbls. 


Fir Back. 


Sulphur Bottom. 


Grampus. 
Length trom 15 to 30 feet, Oil from § to 25 bbls 


Black Fislv. 
Length from 10 to 20 feet, Oil from J to 6 bbis 


Hump Back. 


DM Clelland. Sc 


Stylized sketches of 9 types of whales known to 19th century American whalers, reportedly drawn from memory by a Mr. Conklin, 
an experienced whaleman. From Maury (1851). 
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and Eras (Table |). Operations were 
defined by nation and by the nature 
of the whaling activities, and Eras ac- 
cording to the origin and nature of the 
whaling methods. Again, we substituted 
the term “offshore” for “pelagic” in 
the names of the Eras. Our definitions 
of fisheries and subfisheries for North 
Atlantic humpbacks, as explained in 
the preceding paragraph, are more spa- 
tially and temporally resolved and thus 
provide a more coherent basis for use in 
fishery-by-fishery catch estimation than 
does the global taxonomy. Therefore, 
in this paper we refer to North Atlantic 
fisheries according to the Reeves and 
Smith (2002) terminology and use the 
Operations/Eras terminology of Reeves 
and Smith (2006, as amended in Table 
1) when referring to whaling in other 
parts of the world. 


Data Sources 


Various databases, lists, and sum- 
maries of data related to North Atlantic 
humpback whaling have been published 
or are otherwise available, and we as- 
sembled all of the relevant information 
of which we were aware. There are 
three general types of data, usually cor- 
responding to the time period and nature 
of the fishery. 

First, for many of the 20th century 
fisheries there are regular summary 
reports by national agencies and in- 
ternational bodies (e.g. the Bureau 
of International Whaling Statistics), 
usually giving the number of whales 
landed at shore stations or processed 
at sea by specific ships (Allison and 
Smith, 2004). Such summary reports 
are generally derived from more detailed 
records (e.g. daily station or vessel logs). 
In recent years, the IWC Secretariat has 
conducted inquiries into 20th century 
catches in the North Atlantic, particular- 
ly subfisheries of the Norwegian Mecha- 
nized Shore fishery in northern Norway 
(subfishery 1.1), in Iceland (subfishery 
1.4), in the Faroe Islands (subfishery 
1.5), and in Newfoundland (subfishery 
1.7). The Secretariat! has kindly shared 


' Allison, C., International Whaling Commission, 
The Red House, 135 Station Road, Impington, 
Cambridge, Cambridgeshire, U.K. CB24 9NP. 
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the results of those inquiries with us for 
the purposes of this paper. 

In those instances where the species 
of some of the landed whales were not 
identified in the IWC data, we prorated 
the unidentified component accord- 
ing to the ratio of the total identified 
humpbacks landed to the total identi- 
fied whales landed, pooling the data by 
decade and by fishery or subfishery. We 
estimated the standard errors by assum- 
ing a binomial model for the proportion 
of total identified landings that were 
humpbacks. 

A second type of data consists of 
reports of catch and production by pre- 
20th century commercial shore whaling 
establishments. Such reports are usually 
preserved in company or government 
files or in newspapers. This type of 
data is highly variable in both content 
and completeness; rarely does it include 
numbers of whales landed. Most often, 
the catch is reported as product volumes 
(oil) or weight (baleen), in variable 
units, and sometimes it includes the 
monetary value of the products. For 
some whaling operations, the avail- 
able information is very limited. For 
example, it may consist of nothing more 
than the number of boats, crews, or men 
employed or the number of stations 
active, possibly only for a few years 
over the life of the operation. 

The third type of data consists of 
records on catch and production by 
pre-20th century whaling voyages. Such 
data come mainly from daily logbook 
entries, government reports (e.g. cus- 
toms-house records), and newspapers. 
Reeves and Smith (2006) identified 
two operations in the American-style 
Offshore Era that took humpback whales 
in the North Atlantic, one from the 
United States (operation 64) and one 
from what is now Canada (operation 
52). The former, here denoted as the 
American Nonmechanized Offshore 
fishery (Fishery 11) and the latter, here 
denoted as the Canada Nonmechanized 
Offshore fishery (Fishery 6), accounted 
for most of the 19th century landings of 
humpback whales in the North Atlantic. 

We identified gaps in the available 
information for some fisheries, and as 
a result undertook to obtain additional 


data on the Greenland Nonmechanized 
Shore fishery (Fishery 3), the Bermuda 
Nonmechanized Shore fishery (Fishery 
9), several subfisheries of the West 
Indies Nonmechanized Shore fishery 
(Fishery 10), the American Nonmecha- 
nized Offshore Fishery in the Cape 
Verde Islands (subfishery 11.2), and 
the Cape Verde Islands Nonmechanized 
Shore fishery (Fishery 12). 

With regard to the Greenland fishery 
(Fishery 3), it had long been recognized 
that Danish colonial records could be 
consulted for additional data on pre- 
1885 humpback catches, but this had not 
been done (Mitchell and Reeves, 1983; 
Reeves and Smith, 2002). We therefore 
arranged for Bo Poulsen, a professor at 
the University of Roskilde, to carry out 
a pilot study of Danish colonial records 
on our behalf. He examined a sample 
of “daybooks” of the Royal Greenland 
Trade Company kept at trading posts 
along the west coast of Greenland. The 
material was in the form of microfilms 
held by the IWC as a donation from 
Margaret Klinowska, who in the early 
1980’s had initiated and then abandoned 
an archival study of bowhead whales, 
Balaena mysticetus, in Greenland 
using this material. Poulsen and his 
assistant examined the daybooks for 
reports of whaling during the months 
of July to September, when humpbacks 
were most likely to be in the area. They 
extracted information on specific refer- 
ences to whaling activity, whales caught, 
and the processing of whale products 
(Poulsen?). 

Concerning the Bermuda fishery 
(Fishery 9), one of us (RRR) sampled 
some materials at the Public Record 
Office in London in October 2008 in 
addition to those that had already been 
examined by Mitchell and Reeves 
(1983) and Reeves et al. (2006). This 
included additional Blue Books (annual 
reports for U.K. Customs) for the years 
1821, 1860, 1865, 1870, 1875, and 


?Poulsen, B. 2010. Report covering the con- 
struction of dataset on Greenland humpback 
whaling from 1774-1886 based on *‘Daybooks 
of the Royal Greenland Trade’. Contributions to 
World Whaling History, No. 7. Available from 
the History of Marine Animal Populations at 
www.hmapcoml.org/publications/documents/ 
Poulsen2010.pdf. 
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1880; Board of Trade correspondence 
(CO 41/18, 55, 60, 65, 70, 75; CO37/1, 
2,8, 22); and a mid-19th century run of 
Bermuda newspapers (CO 41/1 (1839- 
45) to 5 (1847-51)), specifically The 
Royal Gazette: Bermuda Commercial 
and General Advertiser and Recorder 
(1839-53) and The Bermuda Herald 
(1847-51). 

Relative to the West Indies fish- 
ery (Fishery 10), one of us (RRR) 
searched trade records at the Public 
Record Office, with a particular focus 
on St. Lucia, Grenada, and the Turks 
and Caicos. The Grenada Blue Books 
were checked for the years 1821, 1822, 
1830, 1840, and 1850, and for every 
year from 1856 to 1929, looking for 
information on whaling activity and 
whale products. The St. Lucia Blue 
Books were checked for the years 1825 
to 1910. In the course of checking 
Bermuda newspapers (above) we also 
looked for evidence of shore whaling 
at Turks and Caicos during the middle 
of the 19th century. 

Regarding the American Nonmecha- 
nized Offshore fishery in the Cape Verde 
Islands (subfishery 11.2), we suspected 
that this fishery had begun somewhat 
earlier than was assumed by Smith and 
Reeves (2003b). To explore this, we 
sampled additional logbooks for voy- 
ages beginning between 1850 and 1865. 

With regard to the Cape Verde Is- 
lands (CVI) Nonmechanized Shore 
fishery (Fishery 12), we subcontracted 
two investigators to assist us in search- 
ing for archival source material. Cris- 
tina Brito (aided by Nina Vieira) carried 
out a search of libraries and archives 
in Lisbon, and Cornelius J. Hazevoet 
conducted a search of archives and 
libraries in the CVI. Brito attempted 
to identify and visit all libraries or 
historical archives in Lisbon related to 
the overseas colonies and their history 
and economics. Electronic and manual 
indexes were used in each institution, 
employing as search terms both the 
subject (e.g. and/or Cape Verde Islands, 
Portuguese overseas colonies; Fishing, 
Whaling; Natural History; Marine 
Animals, Commerce; Industry) and the 
time period (Cape Verde Islands and 
1800 forward). The researchers exam- 


ined all items that showed promise of 
containing relevant information. 
Hazevoet’s search of local archives 
and book repositories in the CVI cov- 
ered 4 islands: Sal, Santiago (Praia), 
Sao Vicente, and Sao Nicolau. Various 
archives, museums, and relevant institu- 
tions were visited in Praia, the capital 
of the island of Santiago, and on Sao 
Vicente, but no useful information was 
found. A planned visit to the island of 
Maio, where a shore station operated 
until the early 20th century, had to be 
abandoned for logistical reasons. 


Estimating Landings 


For 20th century whaling, we as- 
signed catches to fisheries and subfisher- 
ies based on the nations indicated and 
the descriptions of the shore stations 
provided by the IWC Secretariat. In 
consultation with the Secretariat, we 
supplemented and corrected the data 
for a few shore stations based on newly 
available sources. We evaluated the 
completeness of the data and concluded 
that the level of uncertainty was small 
relative to the total reported landings. 

For pre-20th century shore whal- 
ing, we used the number of humpback 
whales taken when this was reported. 
More typically, we estimated the number 
of humpbacks taken as the total hump- 
back whale oil production divided by 
the average amount of oil obtained per 
whale. We standardized the reported 
weight or volume of oil (to U.S. bar- 
rels, i.e. 31.5 American gallons). The 
unit definitions were not always clear 
from the source of the records (e.g. 
American vs. Imperial gallons). When 
possible, we used evidence within the 
same source or data series to infer which 
units were applicable. Failing that, we 
used conversion factors obtained from 
similar sub-fisheries or, if necessary, 
standard (albeit arbitrary) factors (e.g. 
Reeves et al., 2006). 

The number of barrels obtained per 
whale varied with the location and 
timing of the whaling operation and the 
efficiency of the processing procedures. 
For example, whales at the end of the 
season on a breeding ground would 
be expected to produce less oil than 
whales just beginning to migrate from 


a feeding ground. Also, shark damage to 
carcasses, and consequently reduced oil 
production, tended to be a much more 
serious problem at tropical stations. 
Thus, we tried to derive average oil yield 
per whale separately for each fishery or 
subfishery using the data for events or 
years when both the whale catch and 
the oil production were reported. For a 
few sub-fisheries where data were not 
available, we used summary statistics 
from a similar whaling operation as the 
basis for estimating catches. We esti- 
mated the standard errors of the various 
conversion factors and rates, and used 
these to calculate statistical uncertainty 
for catch estimates. 

Although we estimated sampling 
uncertainty using parametric methods 
where possible, we often had no choice 
but to estimate the sampling uncer- 
tainty from the variance of a uniform 
distribution representing the range of 
values for selected time periods with 
observations. In particular, we used this 
latter approach to describe the statisti- 
cal uncertainty of interpolated landings 
for years when reports were missing 
from the historical record (Reeves and 
Smith, 2010). This included interpola- 
tions over periods of several years or 
even decades. The method includes as- 
signing average landings from adjacent 
years to years with no information, and 
assigning linearly interpolated values 
of mean landings to selected periods of 
years before and after a gap in reports. 
We estimated standard errors for these 
interpolations by assuming a uniform 
distribution estimated from the values 
being averaged. We report the overall 
uncertainty of our estimates as standard 
errors, recognizing that there is ad- 
ditional uncertainty that we are unable 
to measure. This applies especially to 
assumptions regarding completeness of 
records and the selection of time periods 
and geographic regions for pooling data. 

With regard to pre-20th century off- 
shore whaling, summary data for the 
American Nonmechanized Offshore 
fishery have been published document- 
ing nearly all voyages made in the 19th 
century (Lund et al., 2010). These data 
include the names of vessels and cap- 
tains, vessel characteristics, dates of 
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voyages, quantities of sperm oil, baleen 
whale oil, and whalebone (baleen) 
returned, and announced voyage des- 
tinations. 

Further, we assembled logbook data 
from several sources, as follows: 1) 
logbooks read for our previous study 
(Smith and Reeves, 2003b), 2) a strati- 
fied random sample of logbooks read 
specifically for this study to cover the 
period 1850 to 1865, when we suspected 
the peak of vessel-based humpbacking 
in the Cape Verde Islands to have oc- 
curred, and 3) worksheets of data origi- 
nally extracted from logbooks for the 
charts published by Townsend (1935). 
Although we used the methods of Smith 
and Reeves (2003b) for our recent log- 
book sampling (item 2, above), we also 
simplified the stratification procedures 
because several of the differences found 
previously between the mean number of 
whales landed per voyage and the pro- 
portion of Atlantic-bound voyages that 
whaled in the West Indies or Cape Verde 
Islands were not significant (Smith and 
Reeves, 2003b: Tables 2, 3). 

The logbook data included num- 
bers of whales secured and processed 
(“landed”), and, where possible, num- 
bers of whales struck but not landed 
(“struck and lost’), all on a daily and 
location-specific basis. We assumed 
that the list of voyages in Lund et al. 
(2010) was complete and that the aver- 
age number of humpback whales taken 
per voyage from our logbook sample 
was representative of all voyages. We 
estimated landings as the product of 
1) the number of voyages identified in 
the summary voyage data, stratified by 
year and port of departure, 2) the pro- 
portion of those voyages that whaled in 
a given area judging by the geographic 
information in the logbooks sampled, 
and 3) the average number of humpback 
whales landed per voyage from the catch 
information in the logbook data. 


Removals: Struck 
and Lost Rates 


The estimates of landings derived 
from the general procedures outlined 
above do not account for whales that 
were struck and killed by harpoons or 
explosive devices but were not landed, 
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“The Humpback Whale” ink and watercolor drawings by Daniel C. Whitfield in his 
whaling journal kept aboard of the bark Dr. Franklin of Westport, David S. Russell, 
master, whaling in the North and South Atlantic, 1856-1859. This rendering appar- 
ently was produced in August 1857 while the crew of Dr. Franklin were engaged 
in a season of humpbacking in Ambriz Bay, West Africa. The whales taken on this 
ground during the Southern Hemisphere winter were part of a South Atlantic popu- 
lation that migrates to Antarctic and sub-Antarctic feeding grounds in the Southern 
Hemisphere summer. Courtesy: New Bedford Whaling Museum (KWM #1033). 


Table 2.—Total humpback whales reported as tried out (i.e. “ 


landed”); numbers reported as struck but not tried 


out, in 4 categories: killed, escaped carrying gear, escaped after the harpoon drew, and escaped in unknown cir- 
cumstances; proportion of all killed whales that were lost (PL, with standard error); and loss rate factor (LFR, with 


standard error). Data are from 50 voyages. 


Tried Out Killed Carrying Gear 


Harpoon Drew 


Unknown PL SE, LRF SE,, 


226 61 47 39 


64 1.71 0.073 


the so-called struck and lost whales. 
The struck and lost component can be a 
significant fraction of the total mortality 
caused by whaling. The rate at which 
struck whales were lost and the rate at 


which they died of their injuries un- 
doubtedly varied according to a number 
of factors, including the species, the 
whaling methods, and the environmen- 
tal conditions. Whaling catch data that 


2 
at 
‘a 
1 
7 


Table 3.—For all North Atlantic humpback whale fisheries and sub-fisheries (numbered as in Table 1, with abbreviated names), with non-zero estimates of landings, years whal- 
ing started (Yr.s) and ended (Yr.e), number of years operating (Yrs), estimated landings (L) with standard error (SE(L)), percent of total North Atlantic landings (%L), estimated 


is (R) with stand 


d error (SE(R)), and percent of total North Atlantic removals (% R). 


Fishery 


SE(R) 


1.1 NMS.NN 
1.2 NMS.WN 
1.3 NMS.S 
1.4NMS.! 

1.5 NMS.F 

1.6 NMS.BI 

1.7 NMS.NF 
1.9 NMS.NS 
1.10 NMS.G 
1.11 NMS.SP 
2NMO 

3 GNMS 
4GMS 

6 CNMO 

7 ANMS 

8 AMC 

9 BNMS 

10.1 WINMS.B 
10.2 WINMS.SG 
10.3 WINMS.G 
10.4 WINMS.T 
10.6 WINMS.TC 
11.1 ANMO.WI 
11.2 ANMO.CVI 
11.3 ANMO.OA 
12 CVINMS 

13 MNMS 

All Fisheries 
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include the struck and lost component 
are not common and generally are found 
only in logbooks (including personal 
journals) kept on board the vessels or 
in daily records kept at shore stations. 
We identified data suitable for es- 
timating the rate at which humpback 
whales were struck and lost for two 
fisheries, first in logbooks from the 
American Nonmechanized Offshore 
fishery (Fishery 11) and second in 
catcher boat log books from two land 


stations using Norwegian Mechanized 
Shore methods (Fishery 1). We used 
these data, supplemented by anecdotal 
observations from a range of whaling 
operations, to estimate loss rates. 

In their Table 10, Mitchell and Reeves 
(1983) presented logbook data on struck 
humpback whales. They classified 
struck and lost whales according to the 
circumstances under which they were 
lost, as follows: 1) sank, 2) escaped with 
gear attached, 3) escaped after the har- 


Lithograph entitled “Appearance of a female humpback suckling her young,” drawn 
by Charles M. Scammon (Scammon, 1874: Plate IX). Note: Twinning is very rare in 
humpback whales and other cetaceans. 


poon pulled free or “drew,” 4) escaped in 
unknown condition, or 5) calves whose 
mothers were known killed. Those au- 
thors judged that al! struck whales in the 
first, second, and fifth categories likely 
died of their injuries or in the case of 
calves due to orphaning, and that half of 
the whales in the other two categories 
likely died. Using those assumptions, 
Mitchell and Reeves estimated loss rate 
factors ranging from 1.86 to 2.12. 

We extracted data on struck hump- 
backs from additional logbooks, and 
adopted the first four of the five cat- 
egories of Mitchell and Reeves (1983). 
We concluded that the information in 
the logbooks on calf orphaning was too 
sporadic and sparse to allow reliable as- 
signment of animals to the fifth category. 
Not all logbooks included records of 
struck and lost whales. Given the high 
rates of loss indicated in other logbooks, 
we assumed that the complete absence 
of loss information in some logbooks 
reflected incomplete reporting by the 
log keepers rather that 100% efficiency 
in landing struck whales. 

To minimize bias from such incom- 
plete reporting we selected for analysis 
only those logbooks with reports of at 
least one struck and lost whale of any 
species at some point during the voyage. 
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Yrs Yre Yrs L SE(L) %L R %R 
Po 1864 1955 91 1,793 8.3 1,827 5.9 
ee 1926 1950 24 13 0.1 13 0.0 le 
ae 1903 1926 23 54 0.3 55 0.2 a4 
Fee 1884 1954 70 2,200 10.2 2,242 73 oe 
eae 1894 1964 70 737 3.4 751 2.4 Ra 
1903 1929 26 77 0.4 78 0.3 
Rs 1898 1971 73 1,593 7.4 1,623 5.3 . 
eee 1969 1971 2 7 0.0 7 0.0 ae 
1925 1926 1 174 0.8 177 0.6 
See 1974 1976 2 2 0.0 2 0.0 1. 
ee 1922 1977 55 453 2.1 462 1.5 ee: 
1750 1923 173 619 2.9 953 3.1 
ita 1924 2006 82 323 1.5 329 14 as 
Exo 1804 1888 84 1,401 6.5 2,158 292 7.0 ong 
Sane 1805 1885 80 564 2.6 869 124 2.8 a | 
eee 1883 1896 i3 301 1.4 464 70 1.5 ig 
oe 1616 1942 326 1,497 i 7.0 2,305 317 75 eae 
ig 1868 1910 42 321 1.5 549 24 1.8 ar 
aie 1878 2008 130 941 12 4.4 1,609 72 5.2 aaa. 
1859 1924 65 271 5 1.3 463 22 1.5 
BEEF 1826 1867 41 675 14 3.1 1,154 55 3.7 SEs 
ane 1846 1885 39 120 13 0.6 205 24 0.7 le 
Bai 1850 1885 35 2,888 105 13.4 4,938 277 16.0 ny 
Bei! 1850 1885 35 1,787 93 8.3 3,056 206 9.9 eek 
nee 1750 1900 150 1,323 83 6.2 2,262 172 7.3 a 
cae 1854 1900 46 1,337 110 6.2 2,286 212 7.4 ar i 
aes 1957 1961 4 5 0 0.0 5 0 0.0 ae 
Pearse 21,476 214 100 30,842 655 100 aa 

* 


We assumed that those data were repre- 
sentative of voyages that did not report 
struck and lost animals. We pooled our 
new data with the data from Mitchell and 
Reeves (1983), for a total of 50 voyages, 
as shown in Appendix |. The number of 
struck and lost whales that likely died 
(L) was estimated following the method 
and assumptions of Mitchell and Reeves 
(1983) as summarized above, but with- 
out consideration for orphaned calves 
(those authors’ category 5). The total of 
removals is L plus the number of whales 
tried out (7), and we calculated the loss 
rate as L/(L+7). 

We examined loss rates both geo- 
graphically (e.g. for whales in the North 
and South Atlantic and the North and 
South Pacific) and temporally (e.g. 
to determine if changes in whaling 
methods and gear had any effect). The 
rates were not significantly different 
for any of the statistical tests carried 
out. Therefore, we used the pooled data 
(Table 2) to estimate a loss rate of 0.41 
(SE=0.025) and a corresponding loss 
rate factor (1/(1 minus the loss rate)) of 
1.71 (SE=0.073). The latter can be mul- 
tiplied directly by the estimated landings 
to estimate total removals. This factor 
was applied to the American Nonmecha- 
nized Offshore fishery (Fishery 11), 
from which the data were drawn. It was 
also applied to the West Indies and Cape 
Verde Island Nonmechanized Shore 
fisheries (Fisheries 10 and 12, Table 1) 
because they were functionally similar 
to American Nonmechanized Offshore 
fisheries in their use of small open boats 
without engine power. 

Information on struck and lost whales 
is also available for two American 
whaling operations in Alaska that used 
Norwegian-style Shore era methods. 
From a sample of logbooks kept by 
catcher boats operating out of Akutan 
and Port Hobron, Reeves et al. (1985) 
reported that 46 whales (blue, fin, hump- 
back, right, and sperm) were struck but 
lost in the course of securing (“landing”) 
2,426 whales. Those data imply a loss 
rate of 0.0182 (SE=0.0027), which cor- 
responds to a loss rate factor of 1.0185 
(SE=0.0028). In the absence of any other 
information, we applied this factor to 
all of the mechanized fisheries, whether 
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Figure 1.—Estimated number of humpback whales landed over time, totaling 
21,476 whales, with 99% confidence intervals shown by vertical lines, for all 13 
North Atlantic fisheries combined (see Tables | and 3). 


from shore (Fisheries |, 4) or offshore 
(Fishery 2). In the absence of any direct 
information and for completeness, we 
also applied this factor to the very minor 
late 20th century nonmechanized shore 
fishery in Madeira (Fishery 13). 

Mitchell and Reeves (1983) also 
summarized anecdotal information on 
loss rates for pre-20th century hump- 
back shore whaling outside the breed- 
ing grounds. They cited references 
suggesting loss rate factors ranging 
from 1.2 to 2.0, corresponding to loss 
rates between 0.2 and 0.5. We com- 
puted the mean of this interval (0.35) 
and assumed a standard error based on 
a uniform distribution over the range, 
0.087. This corresponds to a loss rate 
factor of 1.54 with a standard error 
of 0.205. This rate was applied to the 
nonmechanized shore and offshore 
feeding ground fisheries (Fisheries 3, 
6,7, 8, and 9). 


Results 

Estimates of landings are given 
below for the 13 fisheries in three 
groups: 1) mechanized fisheries, 2) 
nonmechanized shore fisheries, and 
3) nonmechanized offshore fisheries. 
For ease of comparison, the estimates 
of landings are summarized in Table 3, 
including for each fishery or subfishery 
the period of years for which landings 
were estimated, the total landings (with 
standard errors, SE), and the percent- 
age these landings represent of the total 
humpback landings by all fisheries 
combined. Figure | shows the annual 
estimates of landings of humpback 
whales totaling 21,476 animals for the 
entire period of whaling, with vertical 
bars indicating 99% confidence inter- 
vals. The annual estimates of landings 
are included in Appendix 2. Estimated 
removals are summarized at the end of 
this section. 
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Mechanized Whaling 


This category included whaling using 
methods developed in Norway and in 
America at widely dispersed shore sta- 
tions and in offshore areas beginning 
in the late 19th century and continuing 
into the 20th century (Fisheries 1,2, 4, 
and 8). 


Norwegian and Greenland 
Fisheries (Fisheries 1, 2, and 4) 

The data for these three fisheries were 
reported in numbers of whales landed, 
and therefore estimation was unneces- 
sary. Proration to account for catches 
reported only as “whales” was necessary 
for a few of the subfisheries, primarily 
in the period from the late 1800’s to the 
early 1900°s. 


American Coastal 
Fishery (Fishery 8) 

Reeves et al. (2002b) described this 
fishery in the Gulf of Maine, which 
lasted for less than 2 decades. The fleet 
of steam-powered vessels fishing for 
menhaden, Brevoortia spp., shifted to 
whales, including humpback whales, 
in 1880. The numbers of vessels and 
whales landed are available for several 
years (Reeves et al., 2002b: Table 3). 
Landed whales were estimated for 
years when landings were not reported 
by multiplying the number of vessels 
by the mean whales per vessel from 
years when these were available. The 
likely proportion of the landings that 
were humpbacks was one-quarter to 
one-half, judging by anecdotal com- 
ments noted in Reeves et al. (2002b). 
Therefore, we estimated humpback 
landings by multiplying the total land- 
ings by 0.375, the average of the values 
0.25 and 0.50, and assigned a standard 
error based on a uniform distribution 
over that range. 


Summary of Mechanized Whaling 


The landings by the 4 mechanized 
fisheries totaled 7,727 humpback 
whales (Table 3, Fig. 2A), over one- 
third of the North Atlantic total. The 
Norwegian Mechanized Shore fishery 
was by far the largest of these, account- 
ing for 31% of the total estimated land- 


Table 4.—Humpback whales landed by the Greenland Non-mechanized Shore Fishery (Fishery 3) based on the 


read sample of Danish colonial “Daybooks” (Poulsen, text footnote 2). 


Year 


Humpbacks Year Humpbacks Year Humpbacks Year Humpbacks 

1774 0 1808 0 1826 3 1862 0 
1787 0 1809 1 1828 0 1864 0 
1788 0 1810 3 1834 0 1866 0 
1789 0 1811 1 1836 2 1868 0 
1790 0 1812 2 1838 3 1870 3 
1794 0 1813 1 1840 2 1872 5 
1799 0 1814 4 1842 1 1874 1 
1800 0 1815 0 1844 1 1876 2 
1801 1 1816 4 1846 0 1878 1 
1802 0 1817 ie) 1848 0 1880 0 
1803 1 1818 0 1850 2 1882 1 
1804 1 1819 0 1854 0 1886 3 
1805 1 1820 7 1856 3 

1806 16 1822 2 1858 0 

1807 1 1824 6 1860 0 


ings (Fig. 2B). It peaked (with respect 
to humpback catches) around 1900. 
The Norwegian Mechanized Offshore 
fishery and the Greenland Mechanized 
Shore fishery operated only in the 20th 
century, and neither fishery accounted 
for more than a few percent of the North 
Atlantic total. The American Mecha- 
nized Coastal fishery operated for only 
a short time in the late 19th century, and 
landings were relatively few. 

Within the Norwegian Mechanized 
Shore fishery, 10 of the 11 subfisheries 
(Table 1) took humpback whales, and 
the annual landings for the 9 largest 
(with respect to humpback catches) 
are shown in Figure 3. The subfisheries 
varied greatly in their timing, duration, 
and magnitude of humpback catches. 


Nonmechanized Shore Whaling 


Nonmechanized shore whaling oc- 
curred off Greenland, Canada, the 
United States, Bermuda, the West 
Indies, and the Cape Verde Islands (Fish- 
eries 3,5,7,9, 10, 12, and 13), spanning 
nearly 4 centuries, from the 17th century 
to the present day. 


Greenland Shore 
Fishery (Fishery 3) 

Shore whaling for humpback whales 
was already well developed in West 
Greenland by the late 1700’s and it 
continued (in nonmechanized form) 
until the 1920’s (Reeves and Smith, 
2002). Although Reeves and Smith 
(2002) surmised that annual catches 
generally were fewer than 20 whales, 
the published data for years before 1886, 
prior to the time series of Kapel (1979), 


are sporadic and sketchy. The study by 
Poulsen on our behalf, described earlier, 
provided additional information. 

Poulsen examined Danish daybooks 
for all years available from 1774 to 1820 
and for even-numbered years from 1822 
to 1882, as well as 1886 (Table 4). The 
number of references in a given daybook 
to humpback whales taken ranged from 
zero to 16, although in some instances 
the daybook entry was too ambiguous 
to determine if more than one whale 
was involved. We constructed a time 
series of humpback whale landings for 
this fishery up to 1885 by interpolation, 
using the data for years with daybook 
sampling to infer landings for the 
unsampled years in-between. This pre- 
1886 time series was then linked to the 
series of landings reported by Kapel 
(1979) for 1886 forward. We assumed 
that the Kapel series was unbiased, and 
multiplied our pre-1886 values by the 
ratio between the Kapel (1979) number 
for 1886 and the daybook number for 
that year. 

We readily acknowledge that this 
procedure has at least two major draw- 
backs. First, as just mentioned, the 
conversion factor between the Poulsen 
time series and the Kapel time series 
is based on only one overlap year. 
Given the data available, we cannot 
improve upon this procedure at pres- 
ent. Second, again as just mentioned, 
we assumed that the Kapel time series 
was unbiased. This assumption rests 
on several things. Kapel is a true 
expert on the subject of Greenlandic 
hunting, with extensive first-hand ex- 
perience both as a biologist-observer 
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Figure 2.—A. Estimated number of hump- 
back whales landed over time, totaling 
7,727 whales representing 36% of the total, 
with 99% confidence intervals shown by 
vertical lines, for all mechanized North 
Atlantic fisheries combined (Fisheries 1, 2, 
4, and 8). B. Estimated number of hump- 
back whales landed over time, totaling 
7,727 whales representing 36% of the total, 
with 99% confidence intervals shown by 
vertical lines, for the four mechanized fish- 
eries (Fisheries 1, 2,4, and 8). 


and as a historian (e.g. Kapel and 
Petersen, 1982; Kapel, 2005). In his 
1979 paper, he notes that although 
the “yearly reports from the colonies 
in Greenland” that served as the basis 
for the catch record from 1886 to 1923 
contained information on catches of 
large whales only for Frederikshab 
district, only “a few whales had previ- 
ously been caught in other districts.” 
Therefore, although we certainly 
cannot rule out that the Kapel time 
series is somewhat negatively biased, 
it is likely that the magnitude of that 
bias would be small. 


Canada Shore 


Fishery (Fishery 5) 


Large quantities of oil were ex- 
ported to the United Kingdom from 
Newfoundland between 1696 and 
1734, apparently mostly from seals 
(Reeves et al., 1999). Although 
some whalebone (baleen) was also 
exported, suggesting that some of 
the oil was from baleen whales, we 
found no basis for determining if any 
of the products were from humpbacks. 
In the absence of any clear evidence 
of shore-based humpback whaling in 
what is now eastern Canada, we at- 
tributed no catch of humpback whales 
to this fishery. 


American Shore 
Fishery (Fishery 7) 


Reeves et al. (2002b) described 
humpback whaling in the Gulf of Maine, 
including that by this shore fishery as 
well as that by the American Mecha- 
nized Coastal fishery (see below). The 
information on this fishery is very sparse 
and consists only of the identification of 
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Fishery 1: 6,650 whales, 31.0% of total landings 


Fishery 2: 453 whales, 2.1% of total landings 


Fishery 4: 323 whales, 1.5% of total landings 


Fishery 8: 301 whales, 1.4% of total landings 
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Fishery 1.1: 1,793 whales, 8.3% of total landings 


Fishery 1.2: 13 whales, 0.1% of total landings 


Fishery 1.3: 54whales, 0.3% of total landings 


1920 1940 


Fishery 1.4: 2,200 whales, 10.2% of total landings 


737 whales, 3.4% of total landings 


77 whales, 0.4% of total landings 


T 
1920 


several shore stations and their periods 
of operation as well as reports on long- 
term average landings at three of the 
stations. The annual catches at those 
stations reportedly ranged from | to 7 
whales and apparently consisted mostly 
of humpbacks. We estimated landings 
for years when stations were known 
to have been operating by multiplying 
the number of stations by the average 
number of whales per year (3 whales), 
assuming a standard error based on a 
uniform distribution from | to 7. We 
interpolated values for some years. 


Bermuda Shore 
Fishery (Fishery 9) 


This was the earliest North Atlantic 
humpback fishery, and it continued at 
a highly variable scale for more than 
3 centuries. Besides characterizing the 
fishery and updating data presented by 
Mitchell and Reeves (1983), Reeves 
et al. (2006) identified a number of 
potentially useful primary sources of 
additional information. Our explora- 
tion of those sources (see Materials and 
Methods) provided new information on 
the fishery (Table 5), which generally 
confirmed the conclusions of Reeves et 
al. (2006). Especially useful information 
for the period 1839 to 1853 was obtained 
from the newspaper search. 

Some additional data on whaling 
effort and catches is available from 
recent papers by Romero (2006, 2007). 
In 1723,“a typical year in terms of whal- 


Figure 3.—A. Estimated number of hump- 
back whales landed over time, total- 
ing 1,860 whales representing 8.6% of 
the total, with 99% confidence intervals 
shown by barely visible vertical lines, for 
three Norwegian Mechanized Shore sub- 
fisheries (Fisheries 1.1, 1.2, and 1.3). B. 
Estimated number of humpback whales 
landed over time, totaling 3,014 whales 
representing 14.0% of the total, with 99% 
confidence intervals shown by barely vis- 
ible vertical lines, for three Norwegian 
Mechanized Shore subfisheries (Fisheries 
1.4, 1.5, and 1.6). C. Estimated number of 
humpback whales landed over time, total- 
ing 1,774 whales representing 8.3% of 
the total, with 99% confidence intervals 
shown by barely visible vertical lines, for 
three Norwegian Mechanized Shore sub- 
fisheries (Fisheries 1.7, 1.9, and 1.10). 
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ing,” 5,792 gal of whale oil, worth £600, 
was exported to London, Liverpool, and 
Barbados (Romero, 2007). In 1734, 
7 or 8 boats belonging to 2 whaling 
companies were actively whaling near 
the islands, and 11 whales were landed 
in 1735 and 8 in 1736 (Romero, 2007). 
Apparently no catch was made in 1744. 
Two companies were active in 1759, one 
of them deploying 3 boats. However, 
little reliable information is available 
on catches after 1736. According to 
Romero (2006), only 2 whales were 
taken in 31 days of whaling in 1767, 
only | in 23 days in 1768, and only | 
in 31 days of whaling in 1769 (this last 
being a “young bone whale,” and thus 
possibly a right whale, yielding 29 bbl 
of oil). 

We estimated landings from our pre- 
viously published data combined with 
the new data from the Public Record 
Office and from Romero (2006, 2007) 
(Table 5). Oil landings were standard- 
ized using the conversion factors in 
Reeves et al. (2006). We estimated bar- 
rels per whale from the data for years 


when both quantity of oil produced and 
number of whales landed were both 
reported for this fishery. 

Because the intensity of shore whal- 
ing appears to have varied substantially 
over time, with no obvious pattern of 
growth or decline, we interpolated land- 
ings within time periods during which 
whaling effort appeared to be more 
or less consistent. Such periods were 
defined on the basis of the history of 
the fishery as described by Reeves et al. 
(2006), with the goal of minimizing the 
bias from interpolation over times when 
conditions were changing. The periods 
were 1616-49, 1650-69, 1670-99, 
1700-49, 1750-84, 1785-1819, 1820- 
54, and 1855 forward. 

Some information on annual land- 
ings is available for all of those periods 
except the first. For each period, we 
interpolated values for years with no 
data based on the average landings for 
years with data and assigned standard 
errors as described in the Materials and 
Methods section. For the first period 
(1616-49), there is evidence that a 
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Fishery 1.9: 


7 whales, 0.03% of total landings 


Fishery 1.10: 174 whales, 0.8% of total landings 
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number of whales were harpooned and 
lost, but there is no direct information 
on landings. We assumed, somewhat 
arbitrarily, that between 0 and 5 whales 
were taken annually, with a standard 
error equal to the standard deviation of 
a uniform distribution over that range. 
For the last period, from 1860 onward, 
whaling was small-scale and relatively 
well documented by newspaper and 
literature accounts, so we assumed that 
the few reports of landings after 1865 
represented a complete record. 


West Indies Shore 
Fishery (Fishery 10) 


Six low-latitude islands or island 
groups in the West Indies are known 
to have initiated shore whaling opera- 
tions, primarily in the last half of the 
19th century. We estimated landings 
for each subfishery by combining pre- 
viously published data with the new 
data obtained from materials in the 
Public Record Office (see Materials 
and Methods). Here we first describe 
the data and analysis methods used for 
each subfishery, and then summarize the 
results for the entire fishery. 


Barbados (subfishery 10.1) 


Barbados was the easternmost of 
the West Indies subfisheries. It was 
documented in Mitchell and Reeves 
(1983:Table 13) for the earlier years 
(1869-78) and in Reeves and Smith 
(2002:Table 2) for the later years (1879— 
1910). We standardized oil production 
reported in casks or in gallons to barrels 
using the approach described for the St. 
Vincent and Grenadines subfishery (see 
below). We used an estimate of barrels 
per whale based on landings data from 
Trinidad, which we judged to be more 
nearly complete (see below). 


St. Vincent and the Grenadines 
(subfishery 10.2) 


Situated at the northern end of the 
Grenadine Island group, this was the 
longest-lasting subfishery in the West 
Indies. Although it began later than 
some of the others, it continued, ap- 
parently without interruption, from 
the 1870’s to the present day. Data 
on landings through 1920 were docu- 
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Lithograph published in 1877 showing Greenlanders processing a humpback whale on shore: “Flensing (cutting up) a Kepokak- 
whale.” It is one of several described by Rink (1877:268) as “exact copies of partially coloured drawings executed by natives 
entirely after their own ideas, and without any information or guidance whatever in the arts of drawing and painting.” Rink’s 
account of this image is as follows (p. 271): “Having towed it as close to the shore as possible when the tide was in, they are now 
busy cutting it up at low tide, and obtaining the blubber as well as the flesh.... A pretty large quantity of blubber has already been 
cut out to be brought to the nearest trading-station for sale, and with this prospect of soon being able to acquire a new supply of 
various articles of luxury they have thought it needless any longer to save their store of coffee. One of the women is busy with her 
kettle, sharing its contents out in the only three cups they possess, while another in the background has taken upon herself the more 
serious task of preparing a substantial meal out of the kepokak [humpback]-beef.” 


mented by Mitchell and Reeves (1983: 
Table 15). 

Catch in numbers of whales landed 
for more recent years were obtained 
from the Secretariat of the International 
Whaling Commission in June 2009. 
Landings for 1920 and earlier were re- 
ported as volume (gal) and value (£) of 
oil, which we standardized to U.S. bar- 
rels using the ratio of the mean number 
of barrels per £ and the mean number of 
£ per gallon reported in the St. Vincent 
data. This conversion corresponds to 
28.8 gallons per barrel (SE=4.29). 

Similarly, if landings were reported 
in casks and £, we ignored the casks 
(because they were variable in volume; 


Ashley, 1926). In such cases, we con- 
verted the landings to U.S. barrels by 
multiplying the £ by 0.74 barrels per 
£(SE0.40). This was computed as the 
product of the mean £ per gallon and 
mean barrels per £. When landings 
were reported in casks and the £ value 
was not reported, we estimated the 
barrels landed as the product of the 
number of casks and 2.90 barrels per 
cask (SE=0.28). This was computed as 
the product of the mean barrels per £ 
and the mean £ per cask. 

We used an estimate of barrels per 
whale based on landings data from 
Trinidad, which we judged to be more 
nearly complete (see below). 


Grenada (subfishery 10.3) 


This subfishery, at the southernmost 
of the Grenadine Island group, had not 
been well documented previously. The 
report by Romero and Hayford (2000) 
summarized information on whaling at 
Grenada in the 1920’s but provided no 
data for earlier years. In our search of 
trade records at the Public Record Office 
(see earlier), we found no reference to 
whales or whaling until 1859 (Table 
6). In that year, a ship with 3 boats was 
reported to have produced 301 bbl of 
whale oil. The next year, a ship and 
8 boats reportedly produced 370 bbl. 
Without more information, we assume 
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Humpback whales at Balaena Station, Hermitage Bay, 
Newfoundland, 1903. The animal in the upper frame was 
described as “an unusually white specimen.” From True 
(1904: Plate 38). 


Three views of a male humpback whale at Snook’s Arm Sta- 
tion, Notre Dame Bay, Newfoundland, 9 August 1899. From 
True (1904: Plate 37). 


Four views of 3 different humpback whales at Snook’s Arm 
Station, Notre Dame Bay, Newfoundland, in 1899 — a male 
on 9 August (left top), a female on 6 August (left bottom and 
right top), and a female on 18 August (right bottom). From 
True (1904: Plate 39). 
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Humpback whales “lunge feeding” off Cape Cod, Massachusetts. Photo: Provincetown 
Center for Coastal Studies (NOAA permit#633-1778). 


Flipper of a humpback whale in the 
Gulf of Maine. Photo: Provincetown 
Center for Coastal Studies (NOAA 
permit#633-1778). 


Mother humpback whale with calf on Platt 
Bank, Gulf of Maine, July 2005. Photo: 
New England Aquarium/Peter Stevick. 


Humpback whale raising its head 
above the sea surface off Nova 
Scotia, Canada. Photo: Province- 
town Center for Coastal Studies 
(NOAA permit#633-1778). 


Humpback whale foraging in the Gulf of 
Maine. Photo: Provincetown Center for 
Coastal Studies (NOAA permit#633-1778). 
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the Bermuda Blue Books (BB), Bermuda newspapers (AG= Royal Gazette, BH = Bermuda Herald), and published sources. 


Table 5.—Information on Bermuda Non-mechanized Shore Whaling (Fishery 9) supplemental to that in Reeves et al. (2006: Table 2), by year or other time period, obtained from 


Year or Period 


Information 


Source 


1723 “A typical year in terms of whaling,” 5,792 gal of whale oil, worth £600, exported to London, Liverpool, and Barbados. Romero, 2007 
1734 7 or 8 boats belonging to 2 whaling companies actively whaling near the islands. Romero, 2007 
1735 11 whales landed Romero, 2007 
1736 8 whales landed. Romero, 2007 
1744 No catch. Romero, 2007 
1759 2 companies active, one of them deploying 3 boats. Romero, 2007 
1767 2 whales taken in 31 days of whaling. Romero, 2006 
1768 1 whale taken in 23 days of whaling. Romero, 2006 
1769 1 whale taken (a “young bone whale,” 29 bbl, possibly a right whale) in 31 days of whaling. Romero, 2006 
1st wk May 1839 3 “fine” whales taken, 2 at Port Royal, 1 at Devonshire (assisted by East End boats). RG, 7 May 1839 
21 May 1839 Sperm whale taken at Devonshire, first taken by Bermuda shore whalers “for many years”; 40 ft, produced 1 8-20 bbl AG, 28 May 1839 

sperm oil and 40 bbl “common” oil. 
May 1839 Newspaper advertisement, Bermuda Yard requesting 150 imp. gal. whale oil, ready to pay 4 s., 2 d. per gal. RG, 28 May 1839 
June 1839 Statement referring to demands against whaling establishment at Southampton, calling for a settlement. 

The “Number of Barrels of Oil, advertised in the Bermudian [on 8 June], it is a mistake, no such number of barrels is on hand.” AG, 18 June 1839 
12 May 1840 Sperm whale (‘very fine”, 70 ft) taken at Tucker’s Town; would have been worth £1,000 but the whalers did not have what AG, 19 May 1840 

they needed to process it properly. 
June 1840 Advertisements, Bermuda Yard requesting 250 imp. gal. whale oil at 4 s., 2 d. per gal.; Commissariat Magazines, 

St. Georges, requesting 240 imp. gal. of “lamp oil” at same price. RG, 9 June 1840 
March 1841 Newspaper advertisement to sell “A Whale-Boat, with a Set of Warps, Irons and Lances.” RG, 23 March 1841 
30 March 1841 Whale taken at St. David's Island. RG, 6 April 1841 
13-20 April 1841 6 whales taken, 4 at St. David's Island, 1 at Tucker's Town, 1 at Port Royal. RG, 20 April 1841 
21-27 April 1841 4 whales taken, 2 at Somerset, 1 at St. David's Island, 1 at Tucker's Town AG, 27 April 1841 

1-10 May 1841 A “large” whale taken at St. David's Island. RG, 11 May 1841 
11 May 1841 A whaie taken at St. David's. AG, 18 May 1841 
April 1842 4 “distinct Establishments” active in shore whaling: Smith's Island, St. David's Island, Tucker's Town, Port Royal RG, 5 April 1842 
26 March 1842 First whale of year taken at St. David’s, expected to yield “upwards of 30 bbl.” AG, 5 April 1842 
7, 11 April 1842 2 whales taken at Port Royal (a “small” one on 7 April). RG, 12 April 1842 
11 May 1842 2 whales “of the description, known as Cape Whales [i.e. likely Nordcapers or right whales]” taken at St. David's, AG, 17 May 1842 

one of them “unusually large.” 

13 May 1842 Whale taken at Somerset. RG, 17 May 1842 
3 April 1843 First whale of year taken at St. David's, a “fine large old” one. AG, 4 April 1843 
11-16 May 1843 4 whales taken, 2 at Tucker's Town, 1 at Somerset, 1 at Port Royal. RG, 16 May 1843 
May 1843 More newspaper advertisements requesting whale oil—Bermuda Yard (250 imp. gal.), Convict Establishment RG, 30 May 1843 

(1,200 imp. gal.), Commissariat (356 imp. gal.), prices quoted as either 4 s. 2 d. or 50 dollars per gal. 
Late March to 2 April 1844 2 whales taken, an “old” one at Tucker's Town, a “young” one at Somerset. RG, 2 April 1844 

9-16 April 1844 3 whales taken, 1 at Smith's Island, 2 at St. David's. AG, 16 April 1844 
16-23 April 1844 5 whales taken, 1 at Somerset, 2 at Tucker's Town (expected to yield 70 bbl), 2 at St. David's. RG, 23 April 1844 
23-30 April 1844 3 whales taken, 2 at Port Royal, 1 at St. David's. RG, 30 April 1844 

7-14 May 1844 3 whales taken, 2 at Smith's Island, 1 at Tucker's Town. RG, 7 May 1844 
14-21 May 1844 1 whale taken, Smith’s Island. RG, 21 May 1844 
May 1844 Newspaper advertisement requesting 356 imp. gal. whale oil at Commissariat. RG, 23 May 1844 
24 March 1845 First whale of season taken at St. David’s. 5 whaling establishments active: Somerset, Port Royal, Tucker's Town, RG, 25 March 1845 

2 at East End. 
March 1845 Report from London House of Commons (per Royal Exchange, London, 3 March 1845): “Duties are to cease on the RG, 25 March 1845 
following imports after the dates mentioned: Spermaceti Jany 1 1849; Train Oil, or Blubber of Foreign Fishing, 
Jany 1847; Sperm Oil of Foreign Fishing Jany 1 1849; Whales Fins of Foreign Taking and not prohibited Jany 1 1849.” 
30 March 1845 Whale (47 ft, expected to yield 40 bbl) taken at Port Royal; another struck but lost. AG, 3 April 1845 
15-22 April 1845 2 whales taken, 1 at Smith’s Island, 1 at Tucker’s Town. RG, 22 April 1845 
29 April — 6 May 1845 4 whales taken, 2 at Smith’s Island, 1 at St. David's, 1 at Tucker's Town. RG, 6 May 1845 
12 May 1845 2 whales taken at Port Royal, the “old” one was “brought in, the young one was moored off; another whale taken at Somerset. RG, 13 May 1845 
9 June 1845 A sperm whale in a “large shoal” was struck and lanced off Tucker's Town, boat stove and line cut, whale escaped AG, 17 June 1845 
with “two spears and several lances fast in him.” “Sperm Whales are not often seen near these Islands: the last one 
captured, we believe, was by the Smiths ... about three years ago.” 
June 1845 Newspaper advertisement requesting 400 imp. gal. whale oil for Naval Storekeeper at Bermuda Yard, offering 4 s. 2 d. per gal. AG, 18 June 1845 
24 March 1846 Boats are “quite prepared, and will go out as soon as the weather moderates. As yet there have been but few whales seen RG, 24 March1846 
in this neighbourhood.” 
Early April 1846 No whales taken through 7 April but 2 struck and lost: 1 at St. David's escaped “taking the harpoon and warp with it,” AG, 7 April 1846 
1 at Tucker's Town “taking with it the Harpoon, and most of the warp.” 
8-11 April 1846 2 “fine” whales taken, one at Somerset, one at Tucker's Town. Also, a harpooner at St. David's was killed while trying to AG, 14 April 1846 
harpoon a whale. 
2nd week of May 1846 3 whales taken, 1 at Somerset, 1 at Port Royal, 1 at St. David's. AG, 12 May 1846 

6 June 1846 Sperm whale (72 bbl) taken “off the lighthouse” by a Nantucket brig; St. George’s crew planning to go out whaling. RG, 16 June1846 

30 June 1846 3 American vessels (schooner, brig, ship) seen whaling off Bermuda, writer complains that Bermudians should learn AG, 30 June 1846 
by observing as they use line “unnecessarily thick, whilst the length is much too short” (meaning they have to cut the line 
and lose the whale too often). 

1 April 1847 First whale of season taken at St. David's. AG, 6 April 1847 

9 April 1847 2 whales taken off East End, but the long towing distance and fresh winds meant that “the sharks attacked the carcasses, RG, 13 April 1847 

and so destroyed them that the boats eventually cast them off.” 
10 April 1847 A whale struck but crew “was obliged to cut the warp, the boat being nearly swamped by the whale.” AG, 13 April 1847 
14 April 1847 2 whales taken at Tucker's Town; a third whale picked up dead by St. David’s crew who expected to produce 10 bbl RG, 20 April 1847 
from the carcass. 
15, 17 April 1847 2 whales taken at St. David's. AG, 20 April 1847 
22 June 1847 3 American whaling vessels (schooner, brig, ship) seen cruising near the islands for the past 2-3 weeks, the brig “clean,” AG, 22 June 1847 
the schooner having taken 4 whales. 

8 April 1848 A whale taken at Tucker's Town. AG, 11 April 1848 
By 5 May 1848 6 whales taken thus far in season, 5 at East End, 1 at Somerset. BH, 5 May 1848 
20 April 1849 A “fine” (40 bbl) whale found in a West End channel, apparently stranded; tried out at Somerset. RG, 24 April 1849; 

BH, 26 April 1849 
23 April 1849 2 whales (young and old) taken at St. David's. RG, 24 April 1849; 
BH, 26 April 1849 
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Table 5.— (continued) Information on Bermuda Non-mechanized Shore Whaling (Fishery 9) supplemental to that in Reeves et al. (2006: Table 2), by year or other time period, 
obtained from the Bermuda Blue Books (BB), Bermuda newspapers (RG= Royal Gazette, BH = Bermuda Herald), and published sources. 


information 


Year or Period 


Source 


4 May 1849 


1 June 1849 
mid-March 1850 
2 April 1850 


Awhale taken at St. David’s—the third of the season there. 


A sperm whale found dead near Port Royal whaling station, a third of it destroyed by sharks so expected yield only 25-30 bbi. 
2 American steersmen and 2 harpooners arrived to assist the Whaling Company in the upcoming season. 
A “black whale” taken at Tucker's Town, expected to give a “fair return.’ Judging by the context of the article, which refers to 


RG, 8 May 1849; BH, 
10 May 1849 

RG, 5 June 1849 
BH, 14 March 1850 
RG, 9 April 1850 


signaling procedures and mentions “the Black or common Whale,” the implication is that this meant the humpback, 


as opposed to the sperm. 
9 April 1850 
“make a harbour.” 
10 April 1850 


24, 29 April 1850 
1st week of May 1850 
4 June 1850 


For a month the schooner Brilliant of Bermuda had been trying to whale but stormy weather had repeatedly forced it to 
Awhale taken at Smith's Island; “... but the second one taken this season—though the outfit exceeds that of any previous year.” 
3 whales taken, 1 at Tucker's Town and 2 at Smith's Island. 


3 whales taken, 2 at Smith’s Island, 1 at Tucker's Town. 
Bermuda Whaling Company “have been wholly unsuccessful in their experiment of employing a vessel to cruise around the AG, 4 June 1850 


RG, 9 April 1850 


RG, 16 April 1850; 
BH, 11 April 1850 
RG, 30 April 1850 
AG, 7 May 1850 


Island in search of whales, instead of pursuing the old plan of having an Establishment on shore. They have not taken a 
single Whale.” The shareholders decided to abandon the project, the Brilliant was brought in and stripped of gear, and the 


boats were hauled up. 
25 March 1851 


Tucker's Town, St. David's, Smith’s Island, Somerset. 


1st week of April 1851 


Boats from Bermuda Whaling Company have been out “for some days,” but no whales taken. Other boats out from the Ferry, © AG, 25 March 1851 


2 whales taken, 1 at the Ferry, 1 at Port Royal, both expected to yield 30 bbi. “These being the first taken this season, RG, 8 April 1851 


the demand for the flesh was very great.” Within 4 hr from the start of cutting, everything was gone. “The flesh of it is said 
to have been very delicate and sweet. The good resulting among the poor people form the capture of a whale is incalculable.” 


4 whales taken at Tucker's Town (Herai/d) and perhaps 1 more at Smith’s Island (Gazette). 


9 April 1851 Third whale of season taken at St. David's. 
Mid April 1851 

16 April 1851 2 whales taken, 1 at St. David's, 1 at Smith’s Island. 
Mid April 1851 


24 June 1851 
Last week of June 1851 
1 April 1852 
6 April 1853 
in one instance) 
Mid April 1853 
12-19 April 1853 


A “portion of a whale” was salvaged near one of the West End channels, yielded 12 bbl. 
American vessels seen whaling offshore for sperm whales. 

A sperm whale taken at St. David's, expected to yield 15-16 bbl (30 ft). 

First whale of season struck, but lost, at St. David’s—a “large” animal. 

First whale of season taken at Smith's Island. Port Royal boats struck but lost 2 whales (with harpoon and warp RG, 12 April 1853 


struck but lost at Smith's Island. 


3-10 May 1853 

thither [in the bay].” 

Last week of May 1853 
1865 


A “young” whale taken at Smith's Island, and “old” one struck but lost after “knocking the boat to pieces.” 
“The once flourishing Whale fishery of these Islands has declined a long time since. It was a profitable employment, and 


may yet be pursued with advantage by employment of persons skilled in the Trade.” 


1875 


“There was a time when Whale fishery was pursued in Bermuda to advantage and the oil thereby obtained met with a ready 


BH, 10 April 1851 
RG, 15 April 1851; 
BH, 17 April 1851 
RG, 22 April 1851 
RG, 29 April 1851 
RG, 24 June 1851 
RG, 1 July 1851 
RG, 6 April 1852 


“The crew of the gun-boat has not yet had an opportunity of testing the effect of this newly invented instrument.” AG, 12 April 1853 
3 whales taken, 1 at Tucker's Town, 1 at Smith's Island, 1 at Port Royal (25 bbl, killed with gun-harpoon). 1 additional whale RG, 19 April 1853 


3 whales taken by Port Royal and East End crews; also a shark “which had the temerity to follow the carcass of the whale 


RG, 10 May 1853 
RG, 31 May 1853 
BB 1865 (CO 41/60) 


BB 1875 (CO 41/70) 


sale for home consumption; but the pursuit of this industry has long since declined, and is only occasionally revived, and even 
then the small quantity of Oil derived is unsaleable therefrom—Kerosene having superseded the use of Whale Oil for domestic 
purposes, and the high protective duty imposed on this article in the United States of America precludes the disposal of it 

there, so that it has become rather a drug than otherwise in the Market.” 


that the ships were part of the American 
whaling fleet and therefore that their 
catches for those years would have been 
subsumed within estimates of landings 
for the West Indies subfishery of the 
American Nonmechanized Offshore 
fishery (see below). There is no further 
reference to ship whaling in the Grenada 
Blue Books. 

Beginning in 1861, there are regu- 
lar references to boats and shore 
whaling stations at Grenada. During 
the 1860°s, up to 3 stations are men- 
tioned, 2 on Grenada and | on Car- 
riacou, with anywhere from 9 to 20 
boats all told. From 1871 to 1878, it 
appears that only 6 boats were active 
and only the 2 Grenada stations are 
listed. In most years, catch informa- 
tion consists only of quantities of 
whale oil produced and/or exported. 
Substantial amounts of whalebone 


(baleen) were also exported during 
the 1860’s and 1870°s, ranging as high 
as 10+ tons (>10,000 kg) in 1863. In 
the 3 years from 1876 to 1878, the 
number of whales secured is recorded: 
8, 13, and 6, respectively. 

The rote statement that “Whale fish- 
ing is ... carried on” appears in the Blue 
Books from 1881 to 1902, but explicit 
listings of boats and whaling stations 
end in 1878, and the reported quantities 
of whale oil are relatively trivial after 
that year (maximum 2,610 gal) and 
until 1925 when a short-lived subfishery 
of the Norwegian Mechanized Shore 
fishery began operating in Grenada 
(Mitchell and Reeves, 1983; Romero 
and Hayford, 2000). The landings 
from that subfishery are included in the 
Grenada subfishery of the Norwegian 
Mechanized Shore fishery (Fishery 
1.10, above). 


We estimated annual landings for 
subfishery 10.3 using the data in Table 
6. We standardized the oil quantities to 
US. barrels using information from the 
St. Vincent and Grenadines subfishery. 
We used an estimate of barrels per whale 
based on landings data from Trinidad, 
which we judged to be more nearly 
complete (see below). 


Trinidad (subfishery 10.4) 


Shore whaling was conducted in 
Trinidad from the 1820's to the 1870's. 
Reeves et al. (2001a) summarized in- 
formation on the value and quantity of 
oil landed, numbers of shore stations 
and boats, and, for some years, the 
number of humpback whales landed. We 
standardized oil landed to U.S. barrels 
using information from the St. Vincent 
subfishery, and estimated number of 
barrels per whale from this subfishery. 
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For years when only the number of boats 
was known, we estimated landings by 
multiplying the number of boats by the 
mean of whales/boat calculated from 
the years when both number of boats 
active and number of whales landed 
were reported. 


St. Lucia (subfishery 10.5) 


Mitchell and Reeves (1983) referred 
to a whaling station at Pigeon Island 
near St. Lucia, and Reeves and Smith 
(2002) suggested that the St. Lucia Blue 
Books should be checked for data. In 
our search of trade records, the earliest 
reference to whales or whaling was in 
1876 (Table 7), when it was reported 
that foreign vessels whaling in local 
waters were subject to a tax. Although 
modest quantities of whale oil were 
exported regularly between 1879 and 
1888, this appears to have been the 
produce of ship-based foreign whalers. 
There is nothing in the Blue Books to 
suggest that shore whaling occurred at 
this island. Thus, we conclude that any 
shore whaling in St. Lucia must have 
been extremely limited and we assume 
that there was no catch. 


Turks and Caicos 
(subfishery 10.6) 


Reeves and Smith (2002) found no 
certain evidence of shore-based whal- 
ing in the Turks and Caicos, an island 
group located far to the north and west 
of the other Caribbean sites. Based on 
a single, vague reference to the closing 
of a shore station there in the 1880's, 
they had checked the Turks and Caicos 
Blue Books for 1870, 1875, 1880, 
1882, 1884, 1886, and 1888, but found 
“no reference of any kind ... to local 
whaling in the Turks and Caicos.” Our 
study of Bermuda newspapers (above) 
provided confirmation that whaling did 
take place as well as a few details on 
the scale and duration of the Turks and 
Caicos subfishery. 

In early 1846, it was reported, “The 
Turks’ Island Whaling Company have 
commenced operations, and ... they had 
within the period of one month taken 
four fine Whales” (The Royal Gazette, 
24 March 1846). A whale had also been 
taken by a boat “indifferently fitted 
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out” at Salt Cay (The Royal Gazette, 24 
March 1846). By the third week of April 
1846, 2 more whales had been taken by 
the Turks’ Island Whaling Company 
(The Royal Gazette, 19 May 1846). The 
next year, | whale was taken before 23 
February (The Royal Gazette, 9 March 
1847) and apparently it remained the 
only one captured (a “young one”) 
through the third week of April (The Ber- 
muda Herald,27 May 1847). The “lead- 
ing Whaleman,” Captain Morell, was 
injured during the capture of that whale 
(The Bermuda Herald, 27 May 1847). 

In 1848, the company’s schooner, 
Ambassador, went to sea on | February 
(The Bermuda Herald, \0 March 1848) 
and had taken 2 whales by early March; 
it was under the management of a Ber- 
mudian recruited by Captain Morell to 
“lead in this ... enterprise” (The Royal 
Gazette, 7 March 1848; The Bermuda 
Herald, 10 March 1848). In 1849, the 
newspapers contained news of political 
activities in the Turks Islands but no 
mention of whaling. It is nonetheless 
clear that some effort continued for at 
least a few more years: in 1851, as of 
mid April, 2 whales (expected to yield 
60 bbl) had been taken and whaling 
effort was continuing (The Royal Ga- 
zette,6 May 1851). 

In summary, we can now confirm that 
humpback whaling occurred at the Turks 
and Caicos from 1846 until at least 
the early 1850’s, with annual landings 
ranging between zero and 7 whales. We 
estimated total landings as 3.5 per year, 
with sampling uncertainty based on a 
uniform distribution from zero to 7, and 
we extrapolated that level forward to the 
mid 1850's. 


Cape Verde Islands 
Shore Fishery (Fishery 12) 


Reeves and Smith (2002) found little 
direct evidence of nonmechanized shore 
whaling at the Cape Verde Islands (CVI) 
although they cited the reports of Reiner 
et al. (1996) and Hazevoet and Wenzel 
(2000) indicating that some type of shore 
whaling had been practiced there be- 
tween the late 18th century and the early 
20th century. Reeves and Smith (2002) 
also acknowledged, but dismissed as 
“meager,” the evidence of CVI shore 


whaling found by Reeves et al. (2002a) 
in a study of American ship-based whal- 
ing for humpback whales around the 
islands. That evidence consisted of refer- 
ences to one shore-based crew active at 
Sal in March 1854 and “quite a number” 
of shore-based boats active there in 
March 1866. Moreover, Reeves et al. 
(2002a) found evidence to suggest shore 
whaling at Boa Vista in March 1866 and 
April 1876, as well as at Tarrafal Bay in 
February 1886. The Cape Verde Islands 
Nonmechanized Shore fishery was 
among the few fisheries or subfisher- 
ies that Reeves and Smith (2002:232) 
considered in need of further study. The 
results of the studies on our behalf by 
Brito and Hazevoet (see Materials and 
Methods) had disappointing results. 

Brito’s search in Lisbon located 
some references to whale hunting in 
the CVI region in the late 17th century 
(Anonymous, 1985) as well as the mid 
18th century (Colec¢ao de Leis*), but it 
is not until the second half of the 19th 
century that there are unequivocal ref- 
erences to shore-based whaling. Junior 
(1896) specifically mentioned whale 
hunting at two sites on Sao Nicolau (Tar- 
rafal [Passapel’s Harbour] and Carrigal 
[Carrigal’s Cove]) and noted that two 
Azoreans had come there and stayed, 
“teaching the natives” whaling skills. 

A published record of 1.500 gallons 
of whale oil being exported from Sao 
Nicolau to the Portugal mainland and 
other Portuguese colonies in 1874-75 
(Anonymous, 1875) strengthens the 
likelihood that shore whaling was active 
there at the time. Friedlaender (1913, 
1914), however, who visited the CVI 
in 1912, claimed that the whale fishery 
there had “lost all its relevance,” that the 
stations at Tarrafal and Carrigal would 
soon be gone, and that a station on 
Maio was well-equipped but no longer 
profitable (also see Vasconcellos, 1916). 
In his opinion (Friedlander, 1913:32), 
the decline was due to the fact that the 
whales “had been driven to extinction 
by the American whalers.” 

Statistical information on exports of 
small quantities of whale oil and blub- 
>Coleccdo de Leis. 1768. Cartas e documentos 


reais. (Christina Brito personal communication: 
not seen by the authors). 
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Left: Low-angle breach by a humpback 
whale calf on Silver Bank. Photo: NOAA/ 
NMFS MONAH Project 


Below: Two humpback whales cruising at 
the sea surface on Silver Bank. The animal 
in the foreground has finished respiring, its 
back arched to dive, while the animal in 
the background is in the midst of respiring, 
with only its blowholes, a small portion of 
its back, and the upper portion of its dorsal 
fin evident. Photo: NOAA/NMFS MONAH 
Project 


Group of male humpback whales competing for access to a mature female on the West Indies breeding ground, Silver Bank. Photo: 
NOAA/NMEFS MONAH Project 


Two humpback whales breaching simultaneously on Silver Bank. Photo: NOAA/NMFS MONAH Project 
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Humpback whale about to re-enter the water after a breach, framed by the enormous splash of a second humpback as it smacks the 
sea surface. Silver Bank. Photo: NOAA/NMFS MONAH Project 


The flukes of a mother humpback whale dwarf the body of her young calf, breaching close by, on Silver Bank. Photo: NOAA/ 
NMFS MONAH Project 
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Table 6.—information on the Grenada Non-mechanized Shore sub-fishery (Fishery 10.3) extracted from Grenada Biue Books for years checked, showing activity in terms of 
numbers of vessels (S=ship, B=boat) and land stations (G = Grenada, C= Carriacou), showing landings as numbers of humpback whales (assumed in the few years where not 
explicitly indicated as such), oil in volume (in gallons, or if indicated, barrels (bb!)) and value (£ Sterling: pounds/shillings/pence), and exports in volume and value. Prior to 
1900 oil was exported to British West Indies, Trinidad, and United Kingdom. 


Production Exported 


Year Vessels Stations Whales Oil Oil Vaiue Oil Value Per Unit Comments 


1821 Whaling not mentioned 
1822 Whaling not mentioned 
1830 Whaling not mentioned 
1840 

1850 Whaling not mentioned 
1856 Whaling not mentioned 
1857 Whaling not mentioned 
1858 Whaling not mentioned 


1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 


1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 


1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 


301 bbi 

370 bbi 
17,423 
13,323 


1110/0/0 
2071/9/2 
1322/2/6 

320/0/0 
941/10/0 
894/15/2 

990/17/10 

1374/6/8 

1643/0/6 


2G6,1C 
2G,1C 
illegible 


845/11/0 
1296/0/0 
1186/17/6 
190/12/6 
515/12/6 
1021/17/6 
401/5/0 
480/0/0 
840/0/0 
960/0/0 


7,260 
Unclear 
17,423 
13,323 
4975 
394 bbi 
8,221 
7,927 
12,624 
14,574 


7,226 
11520 
10550 
2325 
4125 
8175 
3210 
3840 
6720 
7680 
2610 
620 
1890 


2350 
250 


1300 


1,053/10/0 
Unclear 
2,071/9/2 
1,322/2/6 
520/0/0 
941/10/0 
894/15/2 
990/17/10 
1374/6/8 
1643/0/6 


845/11/0 
1296/0/0 
1186/17/6 
190/12/6 
515/12/6 
1021/17/6 
401/5/0 
480/0/0 
840/0/0 
960/0/0 
326/5/0 
77/10/0 
230/8/0 


293/15/0 
031/5/0 


162/10/0 


28/0/0 
42/15/0 


184/17/6 


139/5/9 


24/13/8 


7/10/0 


55/2/4 


0/2/0 


0/2/4 
0/1/11.75 
0/2/1 
0/2/2 
o/2/2 
0/2/6 
0/2/2 
0/2/2 


0/2/4 
0/2/3 
0/2/3 
0/2/6 
0/2/6 
0/2/6 
0/2/6 
0/2/6 
0/2/6 
0/2/6 
0/2/6 
0/2/6 


exported 6,498 gal of Fish Oil to BWI (@ 0/3/6 per gal) 
exported as “Fish Oil” 


an additional 150 gal of whale oil produced by British, 
foreign, or other colonial vessels 


2,430 gal oil exported to BWI | and 180 gal to UK 


“Whale fishing is ... 
and 600 gal to BWI 
“Whale fishing is .. 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is .. 
“Whale fishing is ... 
“Whale fishing is .. 
“Whale fishing is ... 
“Whale fishing is .. 
“Whale fishing is ... 
“Whale fishing is .. 
“Whale fishing is ... 
“Whale fishing is .. 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is ... 
“Whale fishing is ... 


carried on”; 1,290 gal oil exported to UK 


. Carried on” 


carried on” 
carried on” 
carried on” 
carried on” 
carried on” 
carried on” 


. Carried on” 


carried on” 


. Carried on” 


carried on” 


. carried on” 


carried on but no whales were taken in 1894” 


. carried on...”; 1,083 gal oil to BWI, 640 to UK 


carried on ...”; 700 gal oil to UK, 200 to BWI 


. Carried on ... 


carried on ...” 

carried on ... 

carried on...” 

carried on” 

carried on”; petroleum oil exported to 


Venezuela and Dutch West Indies, plus “other” oils to BWI 
(47 1/2 gal worth 9/11/4) and Venezuela (127 1/6 gal worth 
18/18/8) 
54 1/2 gal “other” oils (i.e. not petroleum) exported to Venezuela 
237 gal “other” oils exported to Venezuela (worth 11/5/5) 
136 2/3 gal “other” oils exported to Venezuela (11/5/5) 
5 gal “other” oils exported to Venezuela (0/8/6) 
51 gal “other” oils exported: 7 1/2 to BWI, 43 1/2 to Venezuela 
(worth 7/7/9 ail told) 
3 gal “other” oils exported to BWI (0/10/0) 
93 2/3 gal “other” oils exported to BWI (10/8/4) 
15 gal “other” oils exported to United States, 83 1/3 to BWI, 5 to 
Venezuela (worth 13/6/1 all told) 
1,726 gal “other” oils exported to UK (283/16/0), 1022 1/3 to BWI 
(96/4/0); total of 2748 1/3 gal (480/0/0) 
480 gal “other kinds” of oil exported to UK (101/3/6), 5 to United 
States (1/7/6), 47 to Venezuela (8/17/17) 

continued 
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208 
208 4,975 
20 B 2G 8,668 
ca12B 2G6,1C 8,221 
7,927 Ba 
ca12B 26,1C 12,624 
ca12B 2G,1C 7226 
cai2B  2G,1C 11520 
ca6B 2G 10550 
ca6B 2G 2325 
ca6B 2G 4125 
ca6B 8175 
ca6B 8 3840 
ca6B 13 6720 
ca6B 6 7680 
0/2/6 
0/2/6 
(026 
562.5 
3 35 bbl 900 — 
0 
2 60 bbl 1381 
7 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


Table 6.—(continued) Information on the Grenada Non-mechanized Shore sub-fishery (Fishery 10.3) extracted from Grenada Blue Books for years checked, showing activity 
in terms of numbers of vessels (S=ship, B=boat) and land stations (G = Grenada, C= Carriacou), showing landings as numbers of humpback whales (assumed in the few years 
where not explicitly indicated as such), oil in volume (in gallons, or if indicated, barrels (bbl)) and value (£ Sterling: pounds/shillings/pence), and exports in volume and value. 
Prior to 1900 oil was exported to British West Indies, Trinidad, and United Kingdom. 


Production 


Exported 


Vessels Stations | Whales Oil 


Oil Value Oil Value Per Unit 


Comments 


3 gal “other kinds” of oil exporied to UK (0/16/8), 20 to 

United States (4/2/6), 2 to BWI (0/5/3) 

5 gal “other kinds” of oil (besides kerosene) exported to 
Venezuela (1/5/0), 13 1/6 to BWI (5/4/2); total of 18 1/16 gal 
(6/9/2) 

2 gal “other kinds” of oil exported to UK (10/0/0; sic) 

10 gal “other kinds” of oil exported, recipient country not 
indicated (2/17/6) 

2 gal “other kinds” of oil exported to Venezuela (0/14/0) 

112 gal “other kinds” of oil exported to UK (40/13/4) 

20 gal “other kinds” of oil exported to Great Britain “from this 
colony” (16/0/0), 16 gal from “other produce” to United States 
(13/0/0), plus 3 pounds worth to BWI also from “other produce” 


461/0/0 
50/0/0 


“There is a small whaling industry’ 
“There is a small whaling industry” 


“There is a small whaling industry 


295/0/0 


“There is a small whaling industry”; 1,760 gal whale oil exported 


to UK (233/0/0), 350 to Barbados (62/0/0) 


ber from the CVI during the first two 
decades of the 20th century is difficult 
to interpret because much or most of 
the oil appears to have been imported 
(possibly from American whaling 
vessels working in the area) and then 
reexported. There are, however, defi- 
nite (albeit sporadic) references in the 
Cape Verdes customs and statistical 
records to shore whaling at Tarrafal 
between ca. 1912 and 1920, with about 
12 men engaged (thus presumably two 
boat crews). The production in 1918 
amounted to 2,000 | of oil and in 1919 
no whales were taken. 

During Hazevoet’s visit to Sal, where 
shore whaling certainly took place to 
some extent in the 19th century (e.g. 
Cardoso, 1896; Carreira, 1983; Reeves 
et al., 2002a), it proved impossible to 
obtain useful information. Hazevoet 
concluded that all archives and admin- 
istrative records pertaining to the Sal 
tuna factory and its whaling-station 
predecessor had been lost, destroyed, 
or deliberately discarded upon the 
tuna factory’s closure about 15 years 
previously. 

On Sao Nicolau, Hazevoet met with 
Joaquim Pinheiro, director of the tuna 
factory (Sociedade Ultramarino de 
Conservas Lda.) in Tarrafal, which was 
built at the same site as the old whal- 
ing station there and even partly used 
the same premises. Pinheiro confirmed 
that the Empresa da Pesca da Balaeia do 
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Carrigal e do Tarrafal was established 
around 1870 (Hazevoet and Wenzel 
(2000) gave this as 1874). Later, the 
company was owned by José Gaspar 
da Conceigdo and operated under that 
name, with ‘Herdeiras’ (Heirs) added 
after the first owner’s death. Pinheiro 
advised Hazevoet that all of the com- 
pany archives had been destroyed by 
a fire in the 1960's and therefore that 
no documentation remained. From his 
memory, Pinheiro said that during an 
average season (January—May) about 
2 whales a month were caught at the 
Tarrafal station, but that operations 
ceased during the early 1920’s due to 
the scarcity of whales. Hazevoet inferred 
that the whales hunted were primarily 
humpbacks, not sperms, as it was said 
that the whales often entered Tarrafal 
Bay and surroundings and were accom- 
panied by calves. 

Another of Hazevoet’s informants 
at Sado Nicolau (José Cabral, a civil 
servant at the Camara Municipal of 
Tarrafal with a special interest in island 
history) told him that there had been 3 
whaling stations on Sao Nicolau: one 
at Tarrafal, one at Baia de Barreiros 
(east of Carrigal), and another at Graga 
(west of Carrigal). He stated that he had 
visited and photographed the ruins of 
the latter 2 stations and also that he 
had photographed the last whale ever 
caught at Tarrafal. This was shortly 
after the Cape Verdes gained indepen- 


dence in 1975, and Hazevoet surmised 
that the whale could have been the 
humpback whale taken in 1977, as 
reported by the IWC. Cabral explained 
that the hunt on that occasion had been 
opportunistic and carried out by people 
who were unaware of, or unconcerned 
with, its illegality. He regarded it as an 
isolated event. 

The additional archival investiga- 
tions conducted for this study confirm 
the non-availability of quantitative data 
on catches by CVI shore whaling and 
clarify the possible number of islands 
involved. Following the approach used 
by Reeves and Smith (2010) for 19th 
century shore whaling in California, we 
projected levels of landings in the CVI 
fishery by using what we inferred to 
have been a similar fishery in the West 
Indies. Thus, we assumed that the scale, 
methods, and equipment at CVI shore 
whaling stations were the same as in 
the West Indies, and we used the pooled 
summary statistics (Table 3) for all of 
the West Indies subfisheries (except the 
St. Vincent and the Grenadines subfish- 
ery) as the basis for estimating annual 
landings. We omitted the St. Vincent 
subfishery because it differs from the 
others by virtue of its continuity to the 
present. The underlying assumption of 
our approach was not necessarily that 
the same number or density of whales 
was available to be caught in the Cape 
Verdes as in the West Indies, but rather 
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Table 7.—Iinformation on the St. Lucia Non-mechanized shore sub-fishery (Fishery 10.5) from the St. Lucia Blue Books showing, for each year checked, the exported volume 
of whale oil (gallons or if indicated, barreis (bbl) or “packages” (pkgs)), the value of exported oil (£ sterling: p 


ds/shilli 9g Ip 


), and where exported. 


Year Oil 


Value 


Exported to 


Comments 


1825 
1829 
1835 
1840 
1845 
1850 
1855 
1860 
1865 
1870 
1873 
1876 
1879 6,200 620/0/0 United States 
1882 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 


1,440 
7,120 
7,365 
9,661 
3,445 


144/0/0 
153/0/0 
458/6/8 
1425/10/5 
416/13/4 


United States 
Barbados, Dominica 
United States 
United States 
United States 


9 pkgs 10/4/2000 St. Vincent 
1894 
1895 
1896 
1897 
1898 
1899 5 bbi 8/0/0 UK 
1900 250 

1901 15 pkgs 


10/0/0 UK 
32/14/0 United States (14), 
Montserrat (1) 


1902 
1903 
1904 
1905 
1906 
1908 
1910 


Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 


Whaling not mentioned; 75 “packages” of oil exported to Barbados (worth 75/0/0) but no suggestion this was whale oil 
Whaling not mentioned; 360 gal of “fish oil” exported to Great Britain (worth 36/0/0) but no suggestion this was whale oil 
Whaling not mentioned; olive and “fish” oil exported but no suggestion of any whale oil 

Whaling not mentioned; kerosene and “fish” oil exported but no suggestion of any whale oil 

“Vessels of any size employed in Whale fishing off the Coasts of St. Lucia” are taxed at 1 shilling per ton, “payable once 


a year on first arrival” 


“Whale-fishing is carried on by foreign vessels in the waters of and adjacent to St. Lucia”; tax now 1 shilling and 8 pence 


per ton 


“Whale-fishing is carried on by foreign vessels in the waters of and adjacent to St. Lucia” 


Whaling not mentioned 


6 packages of unspecified oils exported to British Guiana (17/0/0) and French West Indies (4/8/8) 


Whaling not mentioned 
Whaling not mentioned 


The exported whale oil described not as “Produce ... of the Colony” but instead as “British, Foreign and other Colonial 


Produce...” 

Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 


The exported whale oil described not as “Produce ... of the Colony” but instead as “British, Foreign and other Colonial 


Produce...” 


The exported whale oil described not as “Produce ... of the Coiony” but instead as “British, Foreign and other Colonial 


Produce...” 

Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 
Whaling not mentioned 


2 1/2 tons of “Whale Bone” exported to Barbados (worth 6/5/0) 


that the nature, scale, and operations of 
the shore fisheries in the two regions 
were sufficiently similar to justify this 
crude type of extrapolation. 

The earliest mention of shore whal- 
ing in the CVI refers to the island of 
Sal in 1854. The mean duration of the 
West Indies subfisheries was 46 years, 
so we assumed the CVI fishery was 
active from 1854 to 1900. Although 
some whaling took place in the early 
20th century, we disregarded it on the 
assumption that it was inconsequential, 
as some of the information above sug- 
gests. Whaling stations were identi- 
fied on 6 islands in the CVI, although 
the scale and duration of the whaling 
activity undoubtedly varied consider- 
ably among them. To account for this 
variability, we assumed that whaling 
occurred in a manner parallel to that 
in the West Indies, i.e. on an average 
(at any one time) of 3.5 islands (mean 
of | to 6), with a standard error based 


on the uniform distribution from | to 
6. We assigned an average number of 
humpbacks landed per year by CVI 
stations based on the average of the 
landings per year by West Indies sta- 
tions. To estimate annual landings for 
the CVI overall, we multiplied that 
average of landings by the number of 
islands assumed to have active whal- 
ing stations. 


Madeira Shore 
Fishery (Fishery 13) 


As noted by Reeves and Smith (2002), 
humpbacks were taken occasionally in 
this fishery. The 20th century data from 
the IWC indicate a total of 5 landed, all 
in the period 1957-61 (Table 3). 


Summary of Nonmechanized 
Shore Whaling 


Nonmechanized shore whaling ac- 
counted for nearly 30% of the estimated 


total North Atlantic landings of hump- 
back whales (Fig. 4). Nonmechanized 
shore whaling began in the 17th century, 
and landings were variable until the 19th 
century. Whaling for humpbacks peaked 
in the 19th century, dropped to very low 
levels in the 20th century, and continue 
to the present day at only one site (sub- 
fishery 10.2). The earliest catches were 
in Bermuda and Greenland. Landings 
for 8 fisheries and subfisheries are 
shown in Figure 5, the first frame (5A) 
includes feeding ground or migratory 
route (e.g. Bermuda) fisheries and the 
CVI breeding ground fishery, and the 
second (5B) the West Indies breeding 
ground fisheries. Whaling for hump- 
back whales on the feeding grounds 
declined to negligible levels in the early 
20th century (Fig. 5B). On the breeding 
grounds, whaling began and peaked in 
the 19th century, and continued at low 
levels throughout the 20th century (Fig. 
5A, B). 
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Nonmechanized 
Offshore Whaling 


Nonmechanized offshore whaling for 
humpback whales was conducted by 
both Canadian and American whalers 
in the North Atlantic feeding grounds 
but only by Americans in the breeding 
grounds. 


American Offshore 
Fishery (Fishery 11) 


Reeves and Smith (2002) summarized 
the broad outlines of this fishery, draw- 
ing especially on Mitchell and Reeves 
(1983). They distinguished three North 
Atlantic sub-fisheries, two when ves- 
sels operated in the principal breeding 
grounds in the West Indies and the 
Cape Verde Islands and a third when 
vessels operated outside those breed- 
ing grounds. The two breeding ground 
subfisheries were active primarily in the 
latter half of the 19th century. They were 
geographically distinct, with few in- 
stances where a vessel hunted humpback 
whales in both North Atlantic breeding 
grounds during the same voyage (Smith 
and Reeves, 2003b). The third subfish- 
ery (“Other Areas”) includes instances 
when the ship-based whalers attempted 
to take humpback whales in North 
American coastal waters and across the 
North Atlantic from 1750 to 1900. 


West Indies and Cape Verde Islands 
(subfisheries 11.1 and 11.2) 


The summary data on number of 
voyages (Lund et al., 2010) and the aug- 
mented sample of logbook data includ- 
ing that collected since 2003 showed 
the same general patterns as described 
by Smith and Reeves (2003b). One 
primary difference was, as expected, 
that the fishery began earlier than we 
previously thought and was active in the 
Cape Verde Islands in the period 1850 to 
1865. The humpback landings from the 
sampled logbooks are listed by voyage 
in Appendix 3. 


Other Areas (subfishery 11.3) 


Reeves and Smith (2002) character- 
ized this subfishery as being primar- 
ily opportunistic, i.e. humpbacks were 
taken during voyages focused on other 
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Figure 4.—Estimated number of humpback whales landed over time, totaling 6,349 
whales representing 29.6% of the total, with 99% confidence intervals shown by 
vertical lines, for 6 nonmechanized shore fisheries combined (Fisheries 3, 7,9, 10, 


12 and 13). 


species. They made no effort to esti- 
mate the magnitude of landings and 
concluded that the pursuit and killing of 
humpback whales by the 19th century 
ship-based whalers in areas outside the 
breeding grounds were “exceptional 
rather than common.” However, in this 
study we reconsidered the value and 
feasibility of estimating the catches by 
the Other Areas subfishery. 

For the second half of the 18th cen- 
tury, we examined logbook data from 
45 voyages between 1751 and 1790 
(Mitchell and Reeves, 1983:182; Reeves 
and Mitchell, 1986:248—249). Notable 
in those data were the following: 1) in 
1752 the sloop Seaflower of Nantucket 
sailed to Newfoundland “to kill Some 
Humps” and its logbook reported that 
Seaflower and six other vessels returned 
with “Something better than 100 barrels 
apiece of Humpback oy!”; 2) in 1765 the 
sloop Diamond of Nantucket reported 


1800 


T 
1900 2000 


N. Bedford, Fairhaven, Aug. 21, 1801. 


er A Whale Crew wanting, 
OR the’ Schooner 
LYDIA, 
bound out u the 
- Shoals after 
*, Backs, in five or fix 
days.—Apply to 
ASA RUSSELL. 
New-Beaford, § mo. 20, 1802. 


Advertisement from the New Bed- 
ford, Massachusetts newspaper, Co- 
lumbian Courier, Vol. 3, No. 38 (21 
Aug. 1801). The “shoals” to which 
the schooner was bound were the 
Nantucket Shoals. Asa _ Russell 
was a New Bedford merchant who 
owned shares in whaling voyages 
and other merchant vessels outright. 
The schooner Lydia, Obed Pinkham, 
master, returned to New Bedford 
14 Sept. 1801 having taken no oil. 
Courtesy of the New Bedford Whal- 
ing Museum. 
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Fishery 10.1: 1497 whales, 


7.0% of total landings 


Fishery 10.2: 


2.6% of total landings 


Fishery 10.3: 619 whales, 


2.9% of total landings 


Fishery 10.4: 1337 whales, 


6.2% of total landings 


Fishery 9: 321 whales, 1 


5% of total landings 


Fishery 7: 941 whales, 4.4% of total landings 


Fishery 3: 271 whales, 1.3% of total landings 


Fishery 12: 675 whales, 3.1% of total landings 
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T T 
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while on the Grand Banks of New- 
foundland that another vessel had taken 
a humpback whale; 3) the sloop Olive of 
Nantucket in 1764 and Diamond in 1765 
made efforts to catch humpbacks on 
the Grand Banks; and 4) several sloops 
reportedly sighted but did not attempt 
to catch humpbacks— Greyhound of 
Nantucket in 1753 in Davis Strait, Reli- 
ance of Darmouth in 1768 in the Strait 
of Belle Isle, and Frances of Nantucket 
in 1758, Endeavor of Nantucket in 
1761, Dolphin of Nantucket in 1763, 
and Olive of Nantucket in 1765 on the 
Grand Banks. 

Based on information in Starbuck 
(1878) and Dolin (2007) concerning 
hostile interactions of American whalers 
with French privateers and later British 
administrators in Newfoundland and 
Labrador, we assumed that voyages 
like Seaflower’s in 1752 would have 
become less frequent by the end of that 
decade. Therefore, we stratified the 
logbook sample of 45 voyages into two 
strata—one of 28 voyages from 1751 
to 1759 and the other of 17 voyages 
from 1760 to 1790. Using an average of 
25 bbl/whale to convert the oil returns 
reported by Seaflower in 1752, about 
4 humpbacks were taken by each of 
the 7 sloops known to have gone that 
year to Newfoundland with the explicit 
intention of humpbacking. This results 
in an average of 1.0 whale per voyage 
(SE=0.33) for the 28 voyages in the 
1751-59 stratum. 

We combined the data from the 
second stratum (1760-90) with 19th 
century logbook data for all Atlantic 
whaling voyages that departed before 
the beginning of the breeding ground 
subfisheries (1850) or that departed 


Figure 5.—A. Estimated number of hump- 
back whales landed over time, totaling 
2,208 whales representing 10.3% of the 
total, with 99% confidence intervals shown 
by vertical lines, for four subfisheries of the 
West Indies Nonmechanized Shore Fish- 
ery (Fisheries 10.1, 10.2, 10.3, and 10.4). 
B. Estimated number of humpback whales 
landed over time, totaling 4,017 whales 
representing 18.7% of the total, with 99% 
confidence intervals shown by_ vertical 
lines, for 4 nonmechanized shore fisheries 
(Fisheries 9, 7,3, and 12). 
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after that year but did not participate 
in either of those two subfisheries. 
The average number of humpbacks 
landed by those 110 voyages was 0.072 
(SE=0.031). 

To estimate the total number of voy- 
ages departing per year for the latter half 
of the 18th century, we used the method 
of Reeves et al. (2007:64), which com- 
bined Lund et al.’s (2010) summary 
voyage list for the years 1776-91 with 
the results of an exponential model fitted 
to the number of voyages mentioned by 
Starbuck (1878) for the period 1751-75. 
These results were combined with the 
numbers of Atlantic-bound voyages 
departing in the 19th century. 


Canada Offshore 
Fishery (Fishery 6) 


This fishery involved schooners that 
operated throughout most of the 19th 
century, based primarily in the Gaspé 
region of southern Quebec (along the 
south shore of the Gulf of St. Lawrence). 
Humpbacks are thought to have been 
the main species targeted, especially 
after mid century, although this was 
certainly a multispecies fishery. Annual 
catches were estimated from data on 
the numbers of schooners active and 
the numbers of whales and amounts of 
oil landed (Mitchell and Reeves, 1983: 
Table 3). 

For years with landings reported 
as whales, we assumed these were 
accurate. For years when the catch 
was reported as oil we converted oil 
to barrels and estimated barrels per 
whale from data for years in which both 
oil and whales were reported. When 
neither the whale number nor the oil 
amount was reported, we estimated 
the number of whales by multiplying 
the number of schooners active by the 
mean number of whales per schoo- 
ner for years when both whales and 
schooners were reported. In this latter 
case, for years prior to 1865 when the 
number of schooners was not reported, 
we interpolated that number by assum- 
ing an exponential increase from the 
reported numbers from 1834 to 1859, 
assuming | schooner in 1804 (as re- 
ported by Mitchell and Reeves, 1983: 
Table 3). We interpolated the number 
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Figure 6. —Estimated number of humpback whales landed over time, totaling 7,400 
whales representing 34.5% of the total, with 99% confidence intervals shown by 
vertical lines, for the Canada and the American Nonmechanized Offshore fisheries 


combined (Fisheries 6 and 11). 


of whales for the few years without 
schooner reports after 1865. Finally, 
we assumed that between one-half and 
three-quarters of the whales taken were 
humpback whales based on anecdotal 
reports (Mitchell and Reeves, 1983). 


Summary of Nonmechanized 
Offshore Whaling 


Nonmechanized offshore whaling 
accounted for nearly 35% of the total 
North Atlantic humpback landings 
(Fig. 6). The 4 fisheries and subfisher- 
ies each accounted for 6 to 13% of the 
total landings (Fig. 7A, B). The annual 
landings of both the West Indies and 
CVI sub-fisheries peaked between 1865 
and 1870, with the latter’s dropping 
substantially after 1870. The annual 
landings by the Other Areas subfish- 
ery peaked between 1750 and 1760, 
collapsed with the U.S. War of Inde- 
pendence, and continued 2. very low 


levels throughout the 19th century. The 
annual landings of the Canada fishery 
peaked around 1860. 


Total Estimated Removals 


Estimates of total landings for the 
various fisheries and subfisheries are 
summarized in Table 3 (as described 
at the beginning of Results), with the 
percentage that each subtotal represents 
of the total humpback landings by all 
fisheries combined. Estimates of total 
removals are also summarized in Table 
3 on the same basis as for landings. 
Removals were estimated by multiply- 
ing the landings by the appropriate loss 
rate factors. 


Discussion and Conclusions 


Over the past 3 centuries, North 
Atlantic humpback whales have been 
pursued in at least 27 fisheries and 
subfisheries (Table 3). The estimated 
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Figure 7A.—Estimated number of humpback whales landed 
over time, totaling 4,675 whales representing 21.7% of the 
total, with 99% confidence intervals shown by vertical lines, 
for the West Indies and Cape Verde Island subfisheries of 
the American Nonmechanized Offshore Fishery (Fisheries 
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Figure 7B.—Estimated number of humpback whales landed 
over time, totaling 2,723 whales representing 12.7% of the 
total,with 99% confidence intervals shown by vertical lines, 
for the American Nonmechanized Offshore Fishery’s Other 
Areas subfishery and the Canada Nonmechanized Offshore 


11.1 and 11.2). 


total of whales landed was 21,476 
(SE=214). The time series of aggregate 
landings (Fig. 1) shows the changing 
intensity of humpback whaling over 
the centuries, as well as the varying 
statistical uncertainty as indicated by 
the vertical bars. The estimate of total 
removals was 30,852 (SE=655), rough- 
ly 45% greater than total landings. The 
general pattern of removals over time 
was similar to that of landings (Fig. 
1), although a greater proportion of 
the removals occurred in earlier years 
when the loss rates were higher. Whal- 
ing intensity increased gradually, from 
initially low levels in the 17th and early 
18th centuries, primarily in Bermuda, 
to much higher levels from the mid 
1800's to early 1900's. Levels declined 
rapidly after the early years of the 20th 
century. The individual fisheries and 
subfisheries operated over different 
periods and at highly varying scales 
(Fig. 2-7). Whaling for humpbacks 
continues in the North Atlantic only 
in St. Vincent and the Grenadines and 
in Greenland. 
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Fishery (Fisheries 11.3 and 6). 


Historical fisheries information is 
always subject to concerns about the 
completeness of reporting and the 
bias and precision of estimates. In this 
paper, we have identified previously 
used sources of information and sought 
additional data from archives to fill 
gaps in understanding of North Atlantic 
humpback whaling. To the extent pos- 
sible, we have checked the reports on 
landings for completeness and adopted 
or, if necessary, developed methods to 
account for missing data in order to 
avoid underestimation. 

Our new overall estimate of total 
removals is roughly 6% higher than that 
used previously by the IWC Scientific 
Committee. However, such an increase 
is not nearly enough to achieve the 
kind of reconciliation between a catch- 
based and a DNA-based approach to 
estimation of historical abundance 
envisioned by Palumbi and Roman 
(2006). Even after accounting for sta- 
tistical uncertainty and the effects of 
potential biases, our reconstruction of 
removals by whaling fails to resolve 


the two outstanding issues: the poor fit 
of the population assessment models 
and the inconsistency between the catch 
history and the estimate of long-term 
average humpback whale abundance 
based on genetic variability. The three 
base-case models considered by Punt et 
al. (2006: Table 7) resulted in estimates 
of pre-whaling abundance of between 
22,100 and 25,800 whales for the West 
Indies and the Cape Verde Island popu- 
lations combined. Their sensitivity tests 
included alternative catch series with 
total cumulative removals ranging from 
11% to 135% higher than those used in 
the IWC modeling (IWC, 2002, 2003). 
While some of the sensitivity tests 
improved the fit of the models, none of 
them resulted in pre-whaling abundance 
estimates even remotely approaching the 
genetics-based estimate of average long- 
term abundance of 240,000 by Roman 
and Palumbi (2003). The size, statistical 
precision, and sensitivity to possible 
biases of our new removal estimate are 
well within the ranges considered by 
Punt et al. (2006). 
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Appendix 1.—For 50 voyages by vessels in the American Non-mechanized Offshore fishery (Fishery 11) where reporting in the logbook was judged complete, the vessel name, 
voyage identification number (VID; Lund et al., 2010), number of humpback whales reported as landed (i.e. “tried out”) or struck and lost, in 4 categories: killed, escaped 
carrying gear, escaped after the harpoon drew, and escaped in unknown condition. 


Landed Known Escaped Escaped after Escaped 
Vessel Name VID (tried out) killed but lost carrying gear harpoon drew In unknown condition 


Adeline Gibbs 
Admiral Blake 
Alcyone 

Ann Maria 
Annawan 

Arthur Clifford 
Arthur Clifford 
Arthur Clifford 
Asia 

Barclay 

Bark Midas 
Bark Roscoe 
Benjamin Franklin 
By Chance 
Charleston Packet 
Cicero 

Cicero 

David A. Smail 
E. Nickerson 
Edward Quesnai 
Elizabeth 
Europa 
Exchange 
Fortune 

Franklin 

George Washington 
Golden City 
Halcyon 

Homer 

Imogene 
Industry 
Josephine 
Kathleen 
Milwood 

Nellie F. Putnam 
Nellie F. Putnam 
Noble 

Oliver Crocker 
Osceola 

Pearl Nelson 
Petrel 
Ploughboy 
Quickstep 

Quito 

Rodman 

Solon 

Union 
Washington 
Willam and Eliza 
William Lee 
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Appendix 3.—For 163 voyages by vessels in the American Non-mechanized Offshore fishery (Fishery 11), the 
vessel name, voyage identification number (VID; Lund et al., 2010), year the voyage began (Year), area whaled (CVI, 
WI, Other), and number of humpback whales tried out (i.e. Landed). 


Vessel VID Year Area Landed 
A. L. Putnam 16 1866 cvi 0 
A. R. Tucker 48 1868 Cv 6 
Adeline Gibbs 272 1875 Other 0 
Adeline Gibbs 273 1878 Other 0 
Admiral Blake 277 1868 Other 0 
Admiral Blake 305 1865 Cv 6 
Agate 344 1869 wi 13 
Agate 345 1871 wi 10 
Agate 346 1872 wi 10 
Albert Clarence 393 1868 Cvi 4 
Alcyone 435 1890 wi 2 
Alice Knowles 555 1883 Other 0 
Alleghania 616 1868 wi 1 
Alleghania 617 1869 wi 3 
Alleghania 618 1870 wi 0 
Amelia 776 1877 wi 1 
Andrew Hicks 905 1881 Other 0 
Ann Maria 1014 1837 Cvi 0 
Annawan 1044 1836 wi 1 
Annawan Il 1059 1859 Wi 2 
Ansei Gibbs 1087 1867 Other 0 
Ansel Gibbs 1089 1869 Other 0 
Arthur Clifford 1267 1866 wi 7 
Arthur Clifford 1268 1867 Wi 7 
Arthur Clifford 1269 1867 wi 5 
Arthur Clifford 1270 1868 wi 10 
Attleboro 1402 1880 Other 0 
Aurora 1423 1884 wi 3 
Benjamin Franklin 1760 1866 Other 0 
By Chance 2118 1826 Cvi 2 
Catalpa 2446 1875 Other 0 
Charles H. Cook 2679 1867 Other 0 
Charles W. Morgan 2721 1867 wi 1 
Charles W. Morgan 2724 1878 Other 0 
Cicero 2886 1870 Wi 8 
Cicero 2889 1879 Other 0 
Clara L. Sparks 2920 1876 CVI 5 
Clara L. Sparks 2921 1878 Other 0 
Clara L. Sparks 2922 1879 wi 0 
Clarice 2932 1875 Other 0 
Cornelia 3394 1866 Other 0 
David A. Smail 3621 1875 Other 0 
David A. Small 3627 1886 wi 7 
Desdemona 3715 1873 Other 0 
Desdemona 3716 1876 Other 0 
Draco 3835 1866 Other 0 
Draco 3836 1868 Other 0 
Draco 3837 1872 Other 0 
Draco 3839 1878 Other 0 
E. H. Hatfield 3915 1880 CVI 1 
E. H. Hatfield 3919 1861 Cvi 8 
E. H. Hatfield 3923 1865 Cvi 0 
E. H. Hatfield 3924 1867 Other 0 
E. H. Hatfield 3931 1876 wi 1 
E. H. Hatfield 3932 1876 Cvi 1 
E. Nickerson 3937 1850 Cvi 2 
Edith May 3998 1867 Other 0 
Eleanor B. Conwell 4069 1880 Other 0 
Eleanor B. Conwell 4071 1884 Other 0 
Eleanor B. Conwell 4072 1885 Other 0 
Eleanor B. Conwell 4073 1885 Other 0 
Ellen Rizpah 4311 1875 wi 8 
Emma Jane 4446 1879 Other 0 
Emma Jane 4448 1882 Other 0 
Eschol 4599 1869 Other 0 
Eschol 4600 1871 wi 2 
Escho!l 4601 1873 Other 0 
Eunice H. Adams 4664 1885 Cvi 3 
Exchange 4726 1847 Other 1 
Express 4757 1878 Cvi 8 
F. H. Moore 4767 1868 wi 1 
Falcon 4837 1865 Other 0 
Frank Bunchinia 5195 1856 CVI 1 
Franklin 5236 1880 Other 0 
Franklin 5238 1883 wi 7 
Franklin 5240 1885 wi 13 
Gage H. Phillips 5347 1878 Other 0 
Gage H. Phillips 5348 1881 Other 0 
George and Mary 5620 1877 Other 0 
Golden City 5847 1878 Other te) 
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Appendix 3.—(Continued). 
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Rising Sun 
Rising Sun 
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Rising Sun 
Rising Sun 
Rising Sun 

S. R. Soper 
Sarah 

Sarah 

Sarah B. Hale 
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Solon 
Stafford 

Star Castle 
Tamerlane 
Triton 

Tropic Bird 
Tropic Bird 
Tropic Bird 
Union 

Union 

Union 

Vigilant 
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Washington 
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Wave 
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Wave 
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Willis 
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5850 1882 Other 
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6019 1898 Other 
6445 1855 Other 
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6787 1828 wi 
7074 1866 wi 
7222 1867 Other 
7223 1875 Other 
7356 1877 Other 
7357 1868 Other 
8587 1866 Other 
ee 9465 1871 Other 
9467 1881 Other 
he 9625 1880 Other ee 
9630 1883 wi 
9632 1867 wi 
10347 1869 Wi 
10348 1872 Other 
10799 1865 Other 
11052 1866 Other 
11053 1868 Other 
11073 1877 Other 
11077 1865 wi 
11150 1867 Other 
11152 1896 Other 
11347 1881 Other 
11354 1874 Other 
11410 1877 CVI 
11411 1865 Other 
11476 1877 Other 
11691 1875 Other 
11930 1875 Other 
12017 1873 wi 
12018 1842 wi 
12040 1866 Other 
12078 1867 Other Bee, 
12079 1869 wi 
12081 1875 wi 
12367 1877 Wi 
12369 1878 wi 
12370 1879 wi 
12372 1879 Other | 
12373 1881 wi ae 
12375 1883 wi 
12377 1876 Other 
17019 1865 Other 
12702 1873 Other 
12877 1876 Other oars 
12878 1877 Other 
4 12891 1876 
13217 1865 wi 
13384 1867 Other 
13421 1877 Other 
13700 1868 Other 
14088 1867 Other 
“| 14134 1876 Other hes 
14136 1878 Other 
14137 1874 Other 
a 14277 1875 wi 
14278 1882 Other 
15164 1865 wi 
15357 1868 Other 
15402 1867 Other 
15452 1871 Other 
15455 1874 Other fod 
15456 1876 wi 
15525 1861 wi 
5784 1868 
18804 


interactions Between Platform Terminal Transmitters 
and Turtle Excluder Devices 


ERIN E. SENEY, BENJAMIN M. HIGGINS, and ANDRE M. LANDRY, Jr. 


Introduction 


Advances in the global satellite net- 
work, satellite transmitter miniaturiza- 
tion, and new deployment techniques 
have allowed for increased use of satel- 
lite telemetry as a tool for examining 
long-term movements of sea turtles 
and other vertebrate species (Coyne 
and Godley, 2005). The Texas A&M 
University at Galveston (TAMUG) 
Sea Turtle and Fisheries Ecology Re- 
search Laboratory attached platform 
terminal transmitters (PTT’s) to eight 
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Laboratory, Texas A&M University at Galves- 
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77551. Corresponding author is Erin E. Seney 
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Kemp’s ridley sea turtles, Lepidochelys 
kempii, using Power-Fast+! two-part 
marine epoxy during 2004-05 (Seney, 
2008). All transmitted for considerably 
shorter periods than expected, with five 
immature individuals tracked for 12—57 
d(x+1SD=37+ 174d) and three adult 
females for 20-50 d (x + 1 SD = 38 
+ 16 d). Several different transmitter 
models were utilized, but battery lives 
of 180-365 d or more were anticipated 
for all units. This discrepancy prompted 
concerns regarding causes for prema- 
ture transmission loss including turtle 
mortality, biofouling, antenna damage, 
and attachment failure (Tucker et al., 
2007; Seney and Landry, 2008; Seney 
et al., 2010). 

Antenna damage or loss of the entire 
PTT could be due to multiple factors in- 


'Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


ABSTRACT ~—Satellite telemetry is a 
common tool for examining sea _ turtle 
movements, and many research programs 
have successfully tracked adults. Relatively 
short satellite track durations recorded for 
juvenile Kemp’s ridley sea turtles, Lepi- 
dochelys kempii, in the northwestern Gulf 
of Mexico raised questions regarding pre- 
mature transmission loss. We examined 
interactions between juvenile sea turtles 
outfitted with platform terminal transmit- 
ters (PTT’s) and turtle excluder devices 
(TED’s) and the potential for transmission 
loss due to this interaction. A pilot study 
was conducted with eight 34-month-old, 
captive-reared loggerhead sea_ turtles, 
Caretta caretta; a larger trial the follow- 
ing year used twenty 34-month-olds. Half 
of the turtles in each trial were outfitted 
with dummy PTT’s (8x4x2 cm), and all 


turtles were sent through a trawl equipped 
with a bottom-opening Super-Shooter TED. 
No apparent damage was sustained by any 
PTT, but four of five PTT-outfitted logger- 
heads encountering the TED carapace-first 
exhibited increased escape times when the 
PTT wedged between the TED deflector 
bars (10.2 cm apart). Overall, 15 logger- 
heads (54%) impacted the TED carapace- 


first. Attachment of PTT’s to smaller sea 


turtles may slow or, in worst cases, inhibit 
escape from TED’s. Likewise, loose or 
poorly secured PTT’s could impede escape 
or be shed during such an interaction. 
Researchers tracking small turtles in or 
near regions with trawling activity should 
consider PTT size and shape and the com- 
bined PTT/adhesive profile to minimize 
potentially detrimental interactions with 


TED’s. 


cluding insufficient attachment method, 
rapid turtle growth, or an “impact” event 
such as a boat strike or contact with the 
grid of a turtle excluder device (TED). 
We conducted trials to examine interac- 
tions between PTT-outfitted loggerhead 
sea turtles, Caretta caretta, and TED- 
equipped shrimp trawls and assessed 
potential for subsequent antenna and 
PTT damage and loss. 


Materials and Methods 


A pilot study was conducted with 
eight 34-month-old captive-reared 
loggerheads on 22 June 2006 (mean 
straight carapace length [SCL] = 42.5 
cm, SD = 1.2 cm), and a follow-up trial 
was conducted with twenty 34-month- 
olds on 22 and 24 June 2007 (mean 
SCL = 47.0 cm, SD = 1.1 cm). Log- 
gerheads were transported from the 
NMES Sea Turtle Facility in Galves- 
ton, Tex., to Panama City, Fla., in mid 
May of each year and then semi-wild 
conditioned in outdoor pens for about 
4 weeks (Higgins, 2003). Turtles were 
evenly split between experimental 
(PTT) and control (no PTT) groups. 
Replica (dummy) Sirtrack KiwiSat 
202 PTT’s measuring approximately 
8x4x2 cm were attached along the 
first two vertebral scutes (Seney et 
al., 2010) of each experimental log- 
gerhead. In 2006, PTT’s were attached 
with Power-Fast+ two-part marine 
epoxy (PF-only, n = 2) or Power- 
Fast+ covered with Sonic-Weld steel- 
reinforced epoxy putty (PF/SW, n = 
2), whereas the 2007 trial utilized the 
PF/SW attachment (n = 4) and a new 
method incorporating neoprene to the 
PF-only protocol (PF/neoprene, n = 6; 
Seney et al., 2010). Two modifications 
were made to the basic attachment 


Marine Fisheries Review 


| 
| 
| 
| 
a 
| 
| 
: 
| 
| 
: 
4 
| 
: 
4 
: 

| 
| 
44 


protocol in 2007: 1) 60-grit sandpaper 
was utilized instead of 100-grit to sand 
the turtles’ carapaces and PTT’s; and 
2) the first 10-15 cm of Power-Fast+ 
epoxy discharged from an applicator 
nozzle was discarded after discovery 
that epoxy initially discharged from 
a new nozzle and/or cartridge may 
not ever fully cure due to inadequate 
mixing (Morehead?). 

Two trials examining TED-PTT 
interactions were conducted near 
Panama City from the NMFS RV 
Caretta and in accordance with the 
NMFS standard small turtle TED test 
protocol (NMFS, 1990). The trials 
were conducted over substrates with 
relatively low finfish and shellfish bio- 
mass, resulting in trawl tows with very 
little or no catch (i.e. a “clean” trawl). 
Control and experimental loggerheads 
were individually sent through a 15.2 
m (50 ft) “Western jib” trawl equipped 
with a bottom-opening Super-Shooter 
(BOSS) TED installed at a 50-degree 
angle. The space between TED deflec- 
tor bars was 10.2 cm (4 in), which is 
the maximum permitted in the U.S. 
(NMEFS, 1999). Each turtle was re- 
leased into the trawl at the headrope by 
one member of a three-person NMFS 
dive team. A stopwatch was started 
upon the turtle’s release, and each log- 
gerhead allowed up to 5 min to escape 
through the TED. If at the end of 5 min, 
the turtle was still within the trawl, it 
was removed by a diver and scored as a 
“capture.” Loggerheads were returned 
to the surface using floats immediately 
following their exit or removal from 
the trawl. All turtles were video- 
recorded while in the trawl by a diver 
with a hand-held underwater video 
camera. Dummy PTT’s were removed 
after each trial, and loggerheads were 
later released at Sebastian Inlet, Fla., 
in July 2006 and July 2007. 

Video footage was examined to time 
each loggerhead’s passage through the 
trawl accurately and record outcome 
(capture or escape) and orientation 
of the turtle with respect to the TED 


? Morehead, R. 2007. NMFS Sea Turtle Facility, 
SEFSC, Galveston, Tex. (Volunteer). Personal 
commun. 


Table 1.—Summary of 2006 PTT-TED interaction trial (pilot study) results. 


Time in net Turtle orientation 
Turtle Transmitter attachment (min:sec) to TED Result 
1 None (Control) 01:06 Plastron-first Escape 
2 PowerFast only 01:05 Carapace-first Escape 
3 None (Control) 01:14 Carapace-first Escape 
4 PowerFast/Sonic-Weld 05:00 Plastron-first Capture 
5 None (Control) 05:00 N/A - did not reach TED Capture 
6 PowerFast/Sonic-Weld 03:03 Carapace-first Escape 
yy None (Control) 00:16 Carapace-first Escape 
8 PowerFast only 02:13 Carapace-first Escape 
Table 2.—Summary of 2007 PTT-TED interaction trial results. 
Time in net Turtle orientation 

Turtle Transmitter attachment (min:sec) to TED Result 

1 None (Control) 01:00 Carapace-first Escape 

2 PowerFast/Neoprene 00:38 Plastron-first Escape 

3 None (Control) 05:00 Carapace-first Capture 

4 PowerFast/Sonic-Weld 04:54 Plastron-first Escape 

5 None (Control) 00:44 Plastron-first Escape 

6 PowerFast/Neoprene 00:14 Head-first Escape 

7 None (Control) 01:12 Carapace-first Escape 

8 PowerFast/Sonic-Weld 02:05 Carapace-first Escape 

9 None (Control) 00:40 Carapace-first Escape 
10 PowerFast/Neoprene 02:13 Plastron-first Escape 
11 None (Control) 01:38 Carapace-first Escape 
12 PowerFast/Sonic-Weild 04:20 Plastron-first Escape 
13 None (Control) 00:46 Piastron-first Escape 
14 PowerFast/Neoprene 01:55 Carapace-first Escape 
15 None (Control) 02:04 Carapace-first Escape 
16 PowerFast/Sonic-Weld 00:14 Head-first Escape 
7 None (Coritrol) 00:28 Carapace-first Escape 
18 PowerFast/Neoprene 00:51 Plastron-first Escape 
19 None (Control) 00:52 Carapace-first Escape 
20 PowerFast/Neoprene 00:24 Plastron-first Escape 


(carapace-, plastron-, or head-first). 
Data were compared between the two 
years using analysis of variance, and 
the merged dataset was subsequently 
examined using the Levene’s F test, 
Shapiro-Wilk test, and Mann-Whitney 
U test. 


Results 


Two loggerheads out of 8 in the initial 
trial (1 experimental and | control) and 
1 out of 20 in the second triai (1 control) 
failed to escape within 5 min and were 
recorded as “captures” (Tables | and 2); 
however, the PTT did not impede the 
“captured” experimental individual’s 
passage through the trawl. The other 
25 turtles successfully escaped via the 
TED, but 4 experimental loggerheads (2 
per trial) were slowed after they encoun- 
tered the TED carapace-first and their 
PTT’s temporarily wedged between its 
bars (Fig. 1). None of the 14 dummy 
PTT’s, their antennas, or adhesives sus- 
tained any obvious damage after passage 
through the trawl and TED. 

Among all turtles in the first trial, 
5 individuals encountered the TED 


carapace-first (Fig. 2a) in 2006, whereas 
2 hit plastron-first (Fig. 2b), and | con- 
trol did not reach the TED within 5 min 
(Table 1). Experimental loggerheads in 
the second trial encountered the TED 
in varied orientations (2 carapace-first, 
6 plastron-first, 2 head-first), whereas 
most controls did so carapace-first (8 
carapace-first, 2 plastron-first; Table 2). 

Escape times were not significantly 
different between the two trials for 
either control (F, =0.251, p=0.627) 
or PTT-outfitted loggerheads (F, ,,; = 
0.105, p = 0.752), and the data were 
combined for further analyses. The 
controls that exited the TED during 
both trials did so in 16—124 sec (x + | 
SD = 60 + 30 sec, median = 56 sec; n 
= 12, excludes 2 “captures”), whereas 
the PTT-outfitted loggerheads did so in 
14-294 sec (x + 1 SD = 111 + 91 sec, 
median = 115 sec; n = 13, excludes | 
“capture”). The 2006-07 dataset vio- 
lated parametric statistical assumptions 
of normality (Shapiro-Wilk W = 0.833, 
p = 0.001) and equal variances (Lev- 
ene’s F = 9.132, p = 0.006). As such, 
the non-parametric Mann-Whitney test 


: 
the 
ae 
| 
4 


A 
Transmitter 


TED Bars 


Adhesive 
[ 


Transmitter 


Transmitter 
binds on bars 


Figure |.—Side view of interaction 
between PTT-outfitted sea turtle (A) 
and TED deflector bars and overhead 
view of initial interaction (B) and 
turtle attempting to free itself (C; 
arrow indicates movement direction 
of turtle). 


was utilized to compare escape times, 
and results indicated there was no siy- 
nificant difference between control and 
PTT-outfitted loggerheads (U = 58.000, 
p = 0.276). 


Discussion 


Passage through a TED installed 
in a “clean” trawl did not damage 
any transmitters or attachments, but 
4 of 14 PTT-outfitted loggerheads 
(29%) were slowed when their PTT’s 
became wedged between TED deflec- 
tor bars. This indicates attachment 
of PTT’s to smaller sea turtles may 
slow escape from trawls. Orientation 


Figure 2.—Juvenile loggerheads encountering bottom-opening TED carapace-first 
(A) and plastron-first (B). Photographs courtesty of NMFS Harvesting Systems 


Branch, SEFSC, Pascagoula, Miss. 


of PTT-outfitted loggerheads to the 
TED likely accounted for some of 
the difference in variance between 
the control and PTT-outfitted groups’ 
escape times (Levene’s F = 9.132, p= 


0.006). This was exemplified by longer 
exit times for 4 of the 5 experimen- 
tal loggerheads that struck the TED 
carapace-first during the trials. Each 
of these four interactions resulted in 
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the PTT’s becoming wedged between 
the TED’s bars, and only after periods 
of swimming upward (away from the 
TED opening) was the turtle able to 
turn and free itself. 

While we did not observe situations 
in which escape via the TED was pre- 
vented by a PTT, we believe such an 
event is possible, and efforts should 
be taken by researchers to minimize 
this worst case scenario. Likewise, 
while the dummy PTT’s utilized in the 
trials were secure prior to the turtles’ 
passage through the trawl, a loose or 
poorly secured PTT could impede 
escape or be shed if it became caught 
on or wedged between TED deflector 
bars. 

Under typical shrimping conditions, 
sea turtles come in contact with other 
organisms and debris in a trawl. Such 
interactions could either promote or 
hinder a PTT-outfitted individual’s exit 
from the TED, depending on the size 
and volume of other items in the trawl. 
Additionally, interactions with a large 
animal or piece of debris, or high catch 
or debris volumes, could also result in 
PTT damage or loss. Bottom-opening 
TED configurations, including the 
BOSS utilized here, probably have the 
greatest potential for interactions be- 
tween a carapace-mounted PTT and the 
TED deflector bars, given the tendency 
of turtles to swim upward, away from 
the exit, when trapped against the bars 
(Mitchell*). 

Overall, 15 of 28 loggerheads (54%) 
in the trials impacted the TED carapace- 
first, suggesting that conditions allowing 
or promoting carapace-first encounters, 
and associated TED-PTT interactions, 
are common. As such, researchers track- 
ing small turtles in or near regions with 
trawl fisheries that require TED’s should 


3Mitchell, J. 2006. NMFS Harvesting Systems 
Branch, SEFSC, Pascagoula, Miss. Personal 
commun. 
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Figure 3.—Head-on view of a PTT- 
outfitted sea turtle carapace with a 
relatively small adhesive footprint 
and angle, r° (A; not recommended), 
and a larger adhesive footprint and 
angle, r° (B; recommended). 


consider size and shape of the PTT, 
adhesive(s), and their combined foot- 
print and profile in order to minimize 
potentially detrimental interactions with 
TED’s. Specifically, adhesive should be 
applied around the transmitter to cover 
a larger surface area and increase the 
angle between the PTT and carapace 
(Fig. 3), and/or a PTT design with a 
lower profile should be employed on 
smaller turtles. 
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The Black Clam, Villorita cyprinoides, Fishery 


Introduction 


The State of Kerala (Fig. 1) leads 
India in the production of clams with 
estimated annual landings of about 
66,000 tons (t) in 2008-09. The black 
clam, Villorita cyprinoides (Family, 
Corbiculidae) (Fig. 2) contributes 
45,000 t, or about two-thirds of this 
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ABSTRACT—The black clam, Villorita 
cyprinoides, is the most important clam 
species landed in India. The State of Kerala 


has been, by far, the leading producer of 


the species. Nearly all the landings, about 
25,000 tons (t)/year are harvested in Vem- 
banad Lake, the largest estuary, 96 km 
(54 mi) long, on the west coast of India. 
Nearly 4,000 fishermen harvest the black 
clams year-round. They harvest most by 
hand while diving in waters from 2.1-2.7 
m (7-9 ft) deep. Each collects 150-200 kg 
(3-5 bushels)/day. Upon returning from 
the harvesting beds, the fishermen and 
their families cook the clams and separate 
their meats from their shells using simple 
sieves. Fishermen’s wives sell the meats 
within their local villages and save some 
for their families to eat. The shells are sold 
through organized fishermen societies to 
various industries. A substantial quantity 
of sub-fossil black clam shells lies buried 
from 22-50 cm (9-20 in) beneath the lake 
sediments. They are dredged in a controlled 
manner and sold to the same industries. 
The stocks of black clams seem to be declin- 
ing slowly in the southern part of the lake 
because the water has been getting fresher, 
but they are not declining in the northern 
half. A likely threat to the landings may be 
a lack of fishermen in the future. 
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total (Narasimham et al., 1993; CMFRI 
Annual Report, 2009). Most of the 
annual production of black clams, about 
25,000 t, comes from Vembanad Lake 
where almost 4,000 fishermen harvest 
them. The other clams harvested in 
the lake are the grey clam, Meretrix 
casta, and to a much lesser extent, the 
yellow clam, Paphia malabarica, and 
another, the Sunetta scripta. Vembanad 
Lake also has large sub-fossil deposits 
of black clam shells that are mined for 
commercial use (Kripa et al., 2004). The 
lake also has commercially-important 
finfish. The fisheries for the clams and 
the finfish provide the major livelihood 
for coastal communities around the lake 
(Sathiadhas et al., 2004). 

This paper provides an overview of 
the black clam fishery in Kerala includ- 
ing descriptions of the habitats, biology 
and ecology, demography of the fishing 
families, and the harvesting, processing, 
and marketing of the live clams and also 
the shell deposits. The information pro- 
vided in earlier papers on these subjects 
by Laxmilatha and Appukuttan (2002), 
Sathiadhas et al. (2004), Arun (2005), 
Ravindran et al. (2006), and others are 
summarized. We conducted a survey 
to collect more detailed descriptions of 
these subjects and supplement them with 
photographs. 


Survey Methods 


Our observations were made of the 
activities in eight villages in Vembanad 
Lake and in the lake itself. The villages 
are where most of the families that are 
supported by the black clams live. 
The villages were Chempu, Vaikom, 
Vechoor, Kuthiathodu, Thycattussery, 
Muhamma, Aaryad, and Kavalam dis- 
tributed among the districts of Kottayam 
and Alappuzha (Fig. 1). Our survey was 


conducted by making observations and 
interviewing the fishermen and their 
families using standard techniques 
(Fowler, 2002) and further document- 
ing the observations with photographs. 
The villagers said that this was the first 
survey of its kind related to them. 


Vembanad Lake 
and Black Clam Habitats 


Vembanad Lake is the largest brack- 
ish water lake on the west coast of 
India. Narrow and sinuous in the north 
and much broader in the south, the lake 
parallels the coast of the Arabian Sea. 
It is 96 km (54 mi) long and 14 km (8 
mi) wide at its widest point and has a 
surface area of 24,000 km~. It consists 
of estuaries, lagoons, some man-made 
canals, marshes, and mangroves (Ravin- 
dran et al., 2006). The salinity ranges 
from 0.3 at the lower end of the southern 
part to 18 ppt near the inlets. The water 
temperature ranges from 26° to 33.5°C. 
Aside from some shipping channels that 
are maintained to a 10—13 m depth, the 
major portion of the lake has a depth 
range of 2-7 m (Menon et al., 2000). 
Two major rivers, the Pamba and the 
Periyar, and four smaller rivers that all 
originate in the Sahya Mountains to the 
east, flow into the lake. The lake opens 
to the Arabian Sea in two locations, 
one at Azheekode, which is at least 
100 m (325 ft) wide and fairly deep, 
and the other at Cochin Gut, which is 
450 m wide (Menon et al., 2000). At 
the two openings, the rise and fall of 
tide is from 0.6 to 0.9 m. The bottom 
sediments where the black clams occur 
are a mixture of fine sand, clay, and silt, 
and they extend over wide areas. Broad 
wetlands surround the lake. They are 
included in the Wetlands of International 
Importance, as defined by the Ramsar 
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Convention for the Conservation and 
Sustainable Utilization of Wetlands in 
2002, in part because they support more 
than 20,000 waterfowl in the winter. The 
lake also has a wide variety of finfish and 
invertebrates (Table 1). 

Kerala has a tropical climate with 
two rainy seasons, the heavy southwest 
monsoon from June to September and 
the lighter northeast monsoon from 
October to November. The total annual 
rainfall is about 300 cm (120 in). The 
maximum water temperature, at least 
30°C, occurs during pre-monsoon and 
the minimum is 24°C which occurs in 
August (Ravindran et al., 2006). During 
the monsoon, the flood discharge from 
the rivers can reach 2,500 m/sec (Ra- 
vindran et al., 2006). Outside of the 
monsoons, the weather is dry and winds 
are light. Known for its scenic beauty, 
Vembanad Lake and its surroundings 
attracts many tourists. 

The lake has both brackish and nearly 
freshwater environments. They are sepa- 
rated from each other by a man-made 
bund or barrier, the Thanneermukkom, 
which runs across the middle of the lake 
(Fig. 3). Constructed in 1974 and func- 
tional since 1976, it is about 2 km (1.25 
mi) long. The government keeps it open 
to allow brackish water to flow to the 
southern part of the lake for six months, 
but then closes it for six months, Decem- 
ber to May, each year. Its purpose is to 
prevent the entry of substantial amounts 
of salt water to the southern area because 
it would reduce the production of rice in 
paddy fields off the southeast side of the 
lake. The paddy fields are extensive, to- 
taling about 50,000 acres in area. When 
the water remains fresh or nearly fresh 
(less than 0.5 ppt), two crops of rice 
can be produced each year. In some of 
the lowest land areas in this part of the 
lake, rice is grown for half a year for 
one crop, and then shrimp are grown in 
the same location for half a year. The 
shrimp larvae swim into the areas during 
the highest tides and remain to feed and 
grow to harvestable sizes. However, 
the black clams cannot reproduce well 
in low salinity and large areas in this 
southern region, otherwise suitable for 
the clams, cannot support them now. 
The average size of the black clams has 
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Figure |.— Vembanad Lake showing the locations of its black clam fishing villages. 
The location of the State of Kerala in India and Vembanad Lake are shown to the 


upper right. 


diminished also. In the northern region, 
salinities from 8 to 18 ppt are usual in 
March to May but the water salinity can 
be as low as 0 ppt during the monsoon. 

The floodwaters during the monsoon 
rains carry silt and clay into the lake. 


Especially in the southern section of 
the lake, live black clams in some 
habitats have been buried by the sedi- 
ments. Over the centuries, this annual 
process has led to the accumulation of 
large deposits of black clam shells. The 
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Figure 2.—The surface of a pile of black clams, Villorita cyprinoides. The clams 
have a height of 30 to 40 mm (1.2 to 1.5 in). 


Figure 3.—The Thanneermukkom Bund (barrier), 2 km (1.2% mi) long, that divides 
Vembanad Lake into two sub-equal halves. A roadway for automobiles runs along 
its top. 


shells, black when the clams are alive, 
become white after being buried. The 
deposits are found varying in thickness 
from 22 to 50 cm (9 to 20 in) and are 
under a sediment burden of 20 to 60 cm 
(8 to 24 in). The shells are also found 
under some lands that surround parts 
of the lake including the rice paddy 


fields. This shows that the lands were 
once part of the lake, but were covered 
by sediments (Rasalam and Sebastian, 
1976). 

The estuarine finfishes consist of 3 
groups of species, |) those originating 
from the sea, 2) true estuarine species, 
and 3) freshwater species (Table 1). 


Table 1.—The most important commercial species of 
fish, crustaceans, and mollusks in Vembanad Lake 
(Ravindran et al., 2006). 


Fish 
Grey muliets, Mugil spp. and Liza spp. 
Sciaenids, Daysciaena albida 
Sea bass or Cock-up, Lates calcarifer 
Milkfish, Chanos chanos 
Marine catfish, Tachysurus spp. 

Half beaks, Hemiramphus spp. 
Tarpon, Megalops cyprinoides 
Pearl spot, Etropius suratensis 

Crustaceans 
Penaeid prawns 
Palaemonid prawns, Macrobrachium spp. 
Edible crab, Scylla serrata 

Mollusks 
Black clam, Villorita cyprinoides 
Grey clam, Meretrix casta 
Yellow clam, Paphia malabarica 

Sunetta scripta 


The estuarine and freshwater species 
reproduce in the estuary, whereas the 
marine finfish and the shrimp repro- 
duce in the saline, cooler water of the 
Arabian Sea, but migrate back to the 
estuary after completing their pelagic 
development. Finfish distribution thus 
is related to salinity. During the mon- 
soons, the salinities decline and the 
estuarine fish catches dwindle, but in 
the pre-monsoon and post-monsoon 
periods, marine finfishes move into 
the upper reaches where good salin- 
ity prevails for them (Ravindran et 
al., 2006). 

Some industrial wastes pollute areas 
in the southern region. Some comes 
from the retting (soaking in water to 
remove soluble chemicals) of coconut 
coir. Sewage pollution from urban and 
semi-urban townships along the banks 
also causes pollution especially by 
coliform bacteria. The spread of the 
African weed, Salvinia auriculata, 
and the water hyacinth, Eichhornia 
crassipes, in several areas of the lake 
hampers the clam fishermen for nearly 
2-3 months each year (Laxmilatha and 
Appukuttan, 2002). 

The wind-protected nature and shal- 
lowness of Vembanad Lake permits 
clam harvesting and finfishing through- 
out the year. About 21,000 fishermen 
use stake nets and dip nets to catch the 
finfish. These two types of nets catch 
about 70% of the finfish. Most finfishing 
is done at night when larger catches can 
be made. The total annual production 
of finfish are 3,300 t, prawns 3,500 t, 
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paleamonids 100 t, and crabs 300 t 
for a total of 7,200 t, of which 6,700 t 
came from north of the barrier and 500 
t from south of the barrier. Marketing of 
finfish is done through mini on-the-spot 
auctions in the main landing centers or 
by direct sales by fishermen (Ravindran 
et al., 2006). 


Black Clam Biology and Ecology 


The black clam attains sexual matu- 
rity at a length of 11 to 15 mm (0.4 to 
0.6 in). It does not show sex reversal 
or hermaphroditism. It spawns twice 
a year, from May to August, and from 
January to late March. A change in sa- 
linity is the most important factor that 
triggers spawning, while temperature is 
not a factor. The optimum salinity for 
spawning is about 10-12 ppt. Induced 
spawning is possible by a sudden drop 
in salinity or an increase in pH. The con- 
struction of the Thanneermukkom Bund 
has drastically affected its reproduction 
pattern (Arun, 2005). The black clam 
attains a length of 30 mm by the end of 
its first year, and during its second year it 
grows an additional 11 mm (Nair, 1975). 
Most black clams are taken in salinity 
zones from 2 to 10 ppt (Ravindran et 
al., 2006). 

Population densities of some small 
black clams, 2-8 mm (0.08-0.3 in) in 
height, were measured in October 1969. 
The densities were 4,620 clams/m? and 
2,860 clams/m? in Veluthully Kayal 
and Vayalar, respectively (Rasalam and 
Sebastian, 1976). The black clams are 
located just below the surface of the soft 
bottom sediments. 


Clam Fishermen 


Demography 


There are 32 fishing villages around 
Vembanad Lake. About 6,500 people 
are involved in the black clam fishery, 
3,658 of these are fishermen and the 
remainder are their wives, children, 
and grandparents (Kripa et al, 2004; 
Sathiadhas et al., 2004). This fishery 
is their main source of income; some 
have other part-time jobs. Fishermen 
families are permanent residents of 
their villages. Among them, 52% live 
jointly with their parents and grandpar- 
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ents, while the remaining 48% belong 
to nuclear families. 

Many fishermen have harvested 
black clams all their working lives 
and most have harvested for at least 
25 years. The clam fishermen range 
in age from 24 to 48 years, but few 
young men have been entering the 
clam fishery. About 30% of fishermen 
had been harvesting for 10 to 25 years 
and 12% for less than 10 years. The 
oldest male fisherman was 79 years 
old, and the oldest woman harvester 
was 70 years old. About 58% of the 
fishermen were in the age group >44 
years old, 40% in the group from 35 
to 43 years old, and 2% in the group 
from 24 to 34 years old. The lack of 
interest in this occupation is mainly 
due to the hard work involved and the 
relatively low incomes that the clam- 
mers receive. Besides, young people 
have been receiving better education 
and can obtain other types of work 
that provide higher earnings and social 
status. Their fathers and forefathers 
had to do this type of fishing for sur- 
vival and sustenance. Some had to take 
up clamming when the head or earning 
member of their family died. 

Some outsiders who have no other 
work have come into the fishery re- 
cently. The number of workers in rice 
farming is declining because more 
work is becoming mechanized, and the 
production of coir is shrinking. Some of 
the excess workers have been working 
as clammers. 

A lack of formal education is 
common in the clam fishing villages 
because the educational opportunities 
are relatively poor, mainly because 
the schools do not have sufficient 
teachers. Fishermen who completed 
the lower grades totaled 23%; high 
school, 12%; and college, 3%. A fish- 
erman’s family cannot afford to have 
sons and daughters in school through 
high school. Their sons tend to remain 
in school, whereas the education of 
most girls ends at the primary level. 
Girls are confined to household work 
until adulthood and marriage. Only 2% 
of fishermen have attended training or 
seminars relating to the clam fisher- 
ies and only 3% of the fishermen are 


aware of the government’s research and 
development organizations. 

The families rarely send or receive 
letters or other types of mail. They 
contact distant relatives or friends by 
telephone using public booths. The vil- 
lages do not have movie theaters or other 
entertainment facilities. 


Socio-economic Conditions 


The families live under the clutch 
of low incomes. The problems for the 
fishermen include: low literacy, low pro- 
ductivity, and little mobility (Sathiadhas 
et al., 2004). Black clam fishermen 
support their families on earnings of 
Rs.150—200(US$3.33-4.44)/day. These 
are lower than the earnings of tradesmen 
(Carpenters, masoners, and plumbers), 
who earn about Rs.300(US$6.67)/day. 
With their meager earnings, few fisher- 
men have bank deposits or other forms 
of savings, and many have debts as large 
as Rs.14,000 (US$311). A large part of 
their earnings can go for repayment of 
large interests charged by moneylenders. 

The dwellings of the fishing families 
are located near the lake shores (Fig. 4). 
The fishermen earn sufficient money for 
adequate shelter, clothing, and simple 
foods, but none have automobiles and 
extra money for entertainment or travel. 
Most families have their own houses 
with at least 200 sq ft of living space 
(Sathiadhas et al., 2004); others rent 
their homes. The houses are constructed 
of cement: about 65% of houses have 
tile roofs, 17% have concrete roofs, and 
14% have thatched roofs, and 65% are 


'Several organizations are associated with 
research and development in fishery related sub- 
jects. For example, The Central Marine Fisher- 
ies Research Institute (CMFRI), Central Institute 
of Fisheries Technology (CIFT), Central Inland 
Fisheries Research Institute (CIFRI), Centra! 
Institute of Brackish Water Aquaculture (CIBA), 
and Central Institute of Freshwater Aquaculture 
(CIFA), all under the Government of India have 
developed certain technologies for fishing, aqua- 
farming, and product development. The CMFRI 
developed and popularized the hatchery technol- 
ogy of green mussels, Perna viridis, and brown 
mussels, P. indica; pearl oyster, Pinctada fucata; 
edible oyster, Crassostrea madrasensis; and the 
shrimp, Penaeus indicus. Hatchery technologies 
for clown fish, Apogon spp., and sea cucumber, 
Holothuria scabra, have also been perfected. The 
CIFT develops fishery technology and new prod- 
ucts. The technologies developed are passed on 
to the fisheries by their extension departments. 
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electrified (Kripa et al., 2004). About 
half of the families have a television, 
a refrigerator, and a radio. Villagers re- 
lieve themselves in cement out-houses. 
A pit dug between two wooden bars kept 
parallel on the sand collects the wastes. 
Flushing toilets are rare (Sathiadhas et 
al., 2004). 

The fishermen’s families have limited 
personal possessions. Their furniture 
consists of 1-2 wooden tables, and 
2-3 plastic or wooden chairs. Most 
houses have a few photographs of 
relatives and a religious picture on the 
wall. Women possess 3-4 good saris 
to attend social gatherings or functions 
and 2-3 dresses to go to market to sell 
the clam meat. Men have two shirts to 
go clam harvesting and 2-3 good shirts 
to attend social functions. Most people 
wear sandals while some go barefoot. 
Families purchase 1-2 new dresses 
for their children each year, mainly 
during the festival season or to attend 
the marriage of relatives. Toys rarely 
are given to children. Fishermen do not 
have the money to purchase items such 
as women’s sanitary napkins, hearing 
aids, spectacles, or vitamin supplements. 
Some fishermen have bicycles. Men 
obtain haircuts in neighborhood barber 
shops for the fee of Rs.8 (US$0.17) and 
women get haircuts by their relatives or 
neighbors free of cost. 

Food is prepared in aluminum or steel 
pans using firewood or sawdust pur- 
chased at the rate of Rs.19 (US$0.42)/ 
bundle or kilo, which lasts for 2 days. 
About 22% have gas or kerosene stoves 
for cooking. 

Fishermen and their families eat 
simple meals. They obtain water from 
public taps and wells and family mem- 
bers carry it home in plastic buckets or 
pots. Families spend about half their 
incomes on food. The principal foods are 
rice and fish (Sathiadhas et al., 2004). 
Children eat rice 3 times a day along 
with some boiled or fried fish or black 
clams. Adults, especially women, eat 
food twice a day. Medical doctors have 
urged people to eat the meat of the black 
clams for the nutrition it provides. Rice, 
fish, and other foods are purchased on a 
daily basis, mostly on credit from nearby 
shops in small quantities. Some fisher- 


Figure 4.— House of a Vembanad Lake black clam fisherman. 


men grow vegetables, such as beans, 
okra, eggplant, and yams, in their yards. 
Among fruits, they eat limited quantities 
of locally-grown mangoes, banana, and 
papaya. The money needed during the 
festival season is saved by cutting down 
on food expenses in the preceding 3-4 
months. Some fishermen have goats and 
chickens. They add goat milk to their tea 
and sell the remainder to neighbors for 
about Rs.14 (US$0.30)/liter. The fami- 
lies with chickens give their children 
34 eggs/week to eat, and they sell the 
remainder to local shops. Women keep 
the income from such sales for emer- 
gency expenses. 

Illnesses are treated at home or in 
a local primary health center. When 
mildly sick, fishermen consume herbal 
tea or they inhale steam from waters 
containing the leaves of some locally 
available medicinal plants such as ‘tulsi’ 
(Ocimum sanctum), basil, and eucalyp- 
tus along with dried ginger and pepper. 
They sometimes purchase analgesic 
medicines from local medical stores 
without a doctor’s prescription but after 
consulting the pharmacists. They rarely 
visit hospitals because they cannot 
afford the expenses, but they appear 
to be healthy and have especially good 
teeth. They use toothpaste or charred 
rice bran when brushing their teeth. 


Fishermen spend much of their free 
time resting and socializing with their 
relatives and neighbors. The villagers 
are used to being consistently among a 
group of people from the time they are 
infants and then through their entire 
lives. While family matters are promi- 
nent in the discussions with women, 
men are interested in political issues and 
playing cards. 

Marriages are arranged by parents 
and relatives. Couples are aware of 
family planning, learned mainly from 
government-aided primary health 
centers. Couples now usually have 
2-3 children; whereas several children 
per couple were standard in previous 
generations. Babies are born in primary 
health centers with the aid of a govern- 
ment doctor assisted by nurses. 


Black Clam Fishery 


The clam fishermen are organized 
into professional societies. There are 
eight black clam societies distributed 
around the lake in the Kottayam and 
Alappuzha districts. Fishing rights 
and licenses for harvesting in the lake 
are issued by the State Department of 
Mining and Geology. They in turn issue 
licenses for harvesting to their members. 
The total harvesting area leased out to 
the societies comprises about 4,582 
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acres (7.2 sq mi) (Laxmilatha and Ap- 
pukuttan, 2002). 

The societies handie the sales of the 
clam shells. They were formed in the 
late 1940’s and early 1950’s, so the 
clam shells could be sold in an orga- 
nized manner. The societies purchase 
the clam shells from the fishermen at 
a rate of Rs.600—700 (US$13-15)/ton. 
Out of this, the societies pay Rs.25 
(US$0.55)/t as a royalty to the State 
Mining and Geology Department. The 
society also takes 6 rupees (US$0.13) 
and sets it aside for every 30 rupees 
(US$0.66) they pay to the fishermen. 
The money is used for the benefit of 
the fishermen: | rupee is for time lost 
during the monsoon, | rupee pays for 
the national festival, 2 rupees for the 
regional festival, and 2 rupees are for 
emergencies, such as financial trouble 
of the fishermen. 

Most of the society members, at 
least 70%, harvest clams on a typical 
day. The financial maintenance of each 
society is supported by the sale of the 
shells. Societies are not involved with 
sales of the clam meat. They are run 
by a president, who is elected by the 
fishermen every 5 years, and a secretary. 
The president is a full-time clammer. 
His position is honorary and he does 
not receive a salary. Presidents and 
secretaries handle finances and keep 
records (Fig. 5). 

Atypical fisherman began harvesting 
when he was about 18 years old and 
continues most of his working life. He 
had been in school until about 15 years 
old and from 16-17 helped his mother 
and father process the clams. He began 
going with his father, who showed him 
how to harvest the clams for a few 
months and then he went by himself. 
He is able to harvest through life until 
the age of about 60 years. 

There are no government regulations” 
for the fishery, except that juvenile clams 
should not be taken. This is only lightly 
enforced, and there are no shellfish of- 
ficers. The black clam areas were once 
open to all fishermen, but gradually local 


*The state government of Kerala has notified 
during July 2010, the Kerala Inland Fisheries 
Bill, which calls for separate licensing for any 
type of fishing activity in its inland waters. 
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groups have been trying to keep other 
fishermen out of their harvesting areas, 
and the fishery in the lake is becoming 
more compartmentalized. 

In one village, Udayamperoor, local 
women perform all the activities from 
harvesting, processing, and selling to 
consumers. Under State government 
authority, male fishermen gather ju- 
venile clams from deeper waters and 
transplant them to shallow zones along 
the shores, where the women can wade 
at low tide and harvest them by hand. 
The State government has given each 
village Rs.15,000 (US$335) to do this. 
Over 34 days, nearly all the fishermen 
in the local area collect and stock the 
seed. They have been doing this every 3 
years for at least the past 10 years. The 
women harvesters have agreed among 
themselves that each one will harvest no 
more than a certain quantity of market- 
sized clams each day. They also do not 
allow women from other villages into 
their harvesting areas (Laxmilatha and 
Appukuttan, 2002; Sathiadhas et al., 
2004). 

The black clam fishery does not show 
signs of over-exploitation of the clams. 
The long-term effects of the Thaneer- 
mukkom Bund and industrial pollution 
may lead gradually to some decline in 
their abundances. 


Fishing Methods 


Harvesting of the black clams con- 
tinues throughout the year (Kripa et al., 
2004). Each fisherman harvests black 
clams about 20 days a month. Sundays 
are an off-day, fishermen cannot harvest 
in stormy days during the June to July 
monsoon months, and some days are 
taken to rest. The principal harvesting 
method is by diving under water and 
collecting the clams by hand. The water 
is about 2.1-2.7 m (7-9 ft) deep. The 
fishermen usually travel to harvesting 
sites by paddling their canoes that are 
constructed of planks with corked seams 
and about 8 m (26 ft) long. Most fisher- 
men own their canoes, while others rent 
them at a rate of about Rs.20 (US$0.44)/ 
day. Their harvesting gear also consists 
of a bamboo pole, about 15 ft long, and 
one of two types of cylindrical baskets 
(“koodu”). The more common type is 


Figure 5.—The president of a fisher- 
men’s society with his ledger of fish- 
ermen and sales of black clam shells. 


about 16 cm (6 in) high and 45 cm (18 
in) in diameter; the other is higher and 
narrower (Fig. 6). Baskets are made of 
strips of bamboo. The strips are 5—6 mm 
(0.22 in) wide and the space between 
them is 2 cm (0.8 in). The baskets are 
constructed by the fishermen and last 
about 2 years. 

The harvesting sites with abundant 
clams vary somewhat among years ac- 
cording to spat settlement (Laxmilatha 
and Appukuttan, 2002; Ravindran et al., 
2006). Fishermen harvest in a different 
site almost every day, and it often takes 
them about 1.5 hr to paddle each way. At 
about 5 a.m., after a breakfast that usu- 
ally consists of a cooked dish of wheat 
flour and rice and maybe some rice soup, 
they leave home with a container hold- 
ing 2-3 | of drinking water. 

Fishermen can also get to harvesting 
sites by having their society hire a motor 
boat to tow them usually in groups of 
15-25 canoes (Fig. 7) (Laxmililatha 
and Alloycious, 2001). These sites will 
have a large abundance of clams and 
they are at the farthest distances from 
home. Fishermen have to pay for this 
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service. The charge for each fisherman 
is Rs.20 (US$0.44) for the towing and 
Rs.20 (US$0.44) extra if they need to 


rent their canoe. The fishermen leave 
for the harvesting area at about the usual 
time, and they can harvest up until noon 


Figure 6.— The two types of baskets that Vembanad Lake fishermen use to hold their 
black clams while they gather them by hand from the lake bottom. The larger basket 
is the one more commonly used. The spacing in the bottoms and walls allows fine 
sand and mud and also the juvenile clams to fall from the baskets. 


Figure 7.— After being towed to a site by a motorboat (foreground), the fishermen 
are looking for places to set their poles and begin harvesting black clams. 


(Laxmilatha and Appukuttan, 2002). 
The captain of the motor boat sounds a 
horn and they all quit harvesting. Fisher- 
men usually harvest in a group, so if one 
is injured or sick, he can be assisted by 
the others. In practice, they alternate be- 
tween paddling and being towed every 
few days. A comparison of the total time 
paddling each year and the time being 
towed shows they paddle for 8 months 
and are towed for 4 months in a year. 

Upon reaching a harvesting site, they 
push their pole 30 cm (12 in) into the 
bottom, tie their canoe to it, and slide 
into the water with their basket tied 
to their waste. To get to the bottom 
quickly, they grasp the pole, push 
themselves up chest high in the water 
and then go to the bottom feet first (Fig. 
8 a, b). Their eyes are closed because 
they sting if left open. They fix their feet 
against the pole, stretch out their bodies 
with extended arms and fingers along 
the bottom, collect the dense quantities 
of clams lying just below the sediment 
surface with their fingers, scoop them 
to the pole, remove the basket from 
their waist, and pile the clams into 
it. The fishermen work quickly while 
underwater and can remain there for 
20-40 sec each dive. They come up the 
pole to the surface, catch their breath, 
and descend to the bottom again. They 
stretch out again in another direction to 
bring more clams to their baskets. After 
about 10 (range, 7-12) such dives, they 
have gathered enough clams to partially 
fill their basket. With one hand beneath 
the middle of the basket and the other 
on the pole, they bring the basket and 
the clams to the surface. While holding 
the pole with their feet and legs, they 
shake the basket vigorously to wash out 
any sediments and seed clams, and then 
empty the clams into the canoe. The 
fishermen then descend again to begin 
refilling their baskets. If the clams are 
not abundant in the first location, the 
fishermen have to pull up their poles 
and place them in another location 
nearby. 

In one harvesting location, the fish- 
ermen-divers do not use their fingers 
to gather the clams. Instead, they use 
an iron frame with a net (Fig. 9). They 
gather the clams in the net by dragging 
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Figure 8a.—A fisherman driving his pole into the fine sand-mud bottom. He will 
next remove his outer clothing, and enter the water, 2.1 to 2.9 m (7 to 9 ft) deep. He 
will gather the clams within his body and arms’ length in a complete circle around 


the stake. 


Figure 8b.—A fisherman ready to descend to the bottom and gather black clams. 


the frame through the bottom surface. 
The clams are emptied into the canoe. 
Another harvesting method is using a 
hand rake with a pole attached (“kolli” 
or “varandi”) while standing in the 
canoe (Fig. 10 a, b). The pole is one 
inch in diameter and made of wood 
or iron. It lasts for 4-6 months. A new 
pole costs Rs.500-600 (US$11-13). If 
the fisherman becomes tired raking, he 
can switch to diving. The net used with 
a rake eventually wears out and needs to 
be changed about once a month; a new 
one costs Rs.500 (US$11.00). Diving 
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is easier work than raking, but raking 
gathers more clams per unit of time. 
Divers have shown that a rake obtains 
nearly all the clams in a trench and also 
that new generations of clams will set 
in the raked trenches. 

After about 4—5 hr of harvesting, 
the fishermen have collected 300—400 
kg (3-5 bushels) of black clams. They 
paddle back home and berth their canoe 
at a landing quay near their house by 
about 2 p.m. The quays are about 2 m 
(6-8 ft) wide and are stone-lined depres- 
sions in the shoreline where persons 


Figure 9.—This is how some fish- 
erman-divers hold their rectangular 
scoop with net attached before they 
push it into the bottom and drag it to 
gather black clams. This type of col- 
lector is not used by most fishermen. 


can stand in water knee-to-thigh deep 
on a solid foundation (Fig. 11a). Upon 
arrival, they and their wives rinse the 
clams again to wash out any remaining 
mud, and then they carry the clams in 
baskets or a wagon to the processing site 
in their yards (Fig. 1 1b). 


Processing Live Clams 


Processing of the clams is usually 
done in the fishermen’s yards at home on 
the same afternoon. The fishermen often 
separate the seed clams and stock them 
on the bottom in front of their homes 
for further growth, a practice termed 
relaying or semi-culture. This is done a 
few months before the monsoon season 
(Kripa et al., 2004). 

The clams to be processed are put in 
large aluminum tubs with some water 
obtained from the edge of the shore. 
The clams are boiled for about 45 min- 
utes with a fire fueled by wood and dry 
coconut leaves. The wood is purchased 
from people who collect it and sell it 
for about Rs.500 (US$11.00)/load. This 
quantity of wood will last about a month. 
The cost is about Rs. 20 (US$0.44)/ 
day. Wives, children, and grandmothers 
may help with the fire (Fig. 12). While 
being cooked, the clam meats become 
loose from their shells. The cooked 
clams, about one pailful at a time, are 
lifted onto a sieve hung between trees. 
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Figure 10a.—Fisherman holding a 
hand rake used from a canoe to har- 
vest black clams. Its teeth are 7.5 
cm (3 in) long; there are 70 teeth; its 
nylon mesh netting has holes 1.5 cm 
(0.5 in) wide: the pole is 5 m (16 ft) 
long; weight hand rake is 6.8-9 kg 
(15-20 Ibs). A complete new rake 
costs about Rs.1,000 (US$22). 


The mesh size of the sieve is chosen to 
hold the shells but it allows the meats 
to fall through to the ground (Fig. 13). 
Some other fishermen use large bowls 
with holes of appropriate size instead to 
shake out the meats (Fig. 14). A plastic 
sheet has been stretched out beneath the 
sieve to collect the meats as the fisher- 
men alone or with his wife shake the 
sieve back and forth for a few minutes. 
Afterward, the shells are tossed onto a 
pile next to the sieve. Then one pailful 
after another is lifted onto the sieve and 
shaken. Usually 2-3 tubfuls are needed 
to process the entire harvest. All the 
clams are cooked and sieved by about 
5 p.m. The meats then are taken to the 
quay at the shore, washed in another 
sieved plastic bowl and then poured 


Figure 10b.—Close-up of hand rake for harvesting black clams showing some of its 


teeth and net to hold the clams. 


into an aluminum tub (Fig. 15). The 
ratio of meat to shell weight is 1 to 10; 
the wet meat percentage varies from 9 
to 14% (Laxmilatha and Appukuttan, 
2002). Each fisherman and his family 
produce about 14 kg (30 Ibs) of meat 
and 130-140 kg (300-325 Ibs) of shells 
on his best harvesting days. They pro- 
duce less on the days when the weather 
is stormy or when the fisherman feels 
tired or weak. They attempt to harvest 
and process the clams six days a week. 


Marketing Black Clam Meats 


Fishermen’s wives usually sell the 
meat. Most is sold in the local village 
door-to-door, where it is included as an 
important component in their evening 
meal for its high nutritional value. The 
households are close together, 50 to 
100 m apart. The meat is held in an 
aluminum tub that is carried on her 
head (Fig. 16). She uses a weighing 
balance or container of a specific size to 
measure the quantity of meat. A typical 


purchase for a customer (who takes it 
in a bowl) weighs 0.5 or 1.0 kg and it 
sells for Rs.15 or 30 (US$0.33 or 0.66). 
She sells to 30-40 houses within 3 hr 
and is finished by dusk, at about 8 p.m. 
One wife began processing clams and 
selling the meats when she was 20 years 
old. She continued doing it for 50 years 
until she was 70 years old. 

A minority of the wives process the 
clams the day after their husbands har- 
vest them. They rise from their sleep at 
2 a.m. and begin cooking the clams by 
3 a.m. They go to the market by bus at 7 
a.m., Carrying the clams on their heads. 
At busy locations, they stand at a bench 
with the clam meat in a vessel covered 
with banana leaves. The market charges 
them Rs.2 (US$0.044)/kg for using the 
space. A typical person purchases a kg 
(about 2 lbs). The wives use old news- 
papers, folded into a cone to hold the 
portions of meat. Sundays and holidays 
are the busiest sales days, and she can 
sell all the clams within 1-2 hr. The 
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wives arrive back home at about 10:30 
a.m. Agents sometimes collect the meats 
directly from the fishing villages and sell 
them to retail food markets and large 
restaurants. The larger the meats the 
higher the price. The price of clam meat 
has remained stagnant for several years 
(Kripa et al., 2004). A kilogram of large 
meats brings about Rs.40 (US$0.88). 
During the past decade, the meats of the 
juvenile clams sometimes are sold to be 
used as an ingredient in the manufacture 
of food pellets used by shrimp farms and 
they are also fed to ducks. Fishermen 
receive Rs.5—10 (US$0.11-0.22)/kg for 
the juvenile clam meats. 

The fishermen families usually keep 
some of the cooked clam meat to eat 
themselves as a means of saving money. 
Their staple foods are rice, fish usually 
caught in the lake, and tapioca with 
clams. Most fishermen families eat clam 
meats |—2 times a day, 5—7 days a week. 
The meat is fried in oil obtained from 
mature coconuts. They also prepare 
dishes with the clam meat by adding 
tapioca, coconut, and green chilies. They 
commonly marinate the clam meat in a 
mixture of spices (red chili, pepper, and 
turmeric). 


Marketing Black Clam Shells 


The biack clam shells are in high 
demand because the occurrence of lime- 
stone is scarce. The black clam shells are 
sold for Rs.800-Rs.1, 000(US$17.75-— 
$22)/t. Out of this, the fishermen receive 
Rs.600-700 (US$13.30—15.50) (Laxmi- 
latha and Appukuttan, 2002). The shell 
is used by industries that make cement, 
calcium carbide, and lime (for use on 
rice farms). The quantity of shells that 
go to the factories exceeds the quantity 
that goes for the manufacture of lime by 
about four times. The societies collect 
the shells from the fishermen’s yards on 
a rotational basis, so every fisherman 
gets to sell his shells. 

Orders from companies for the shells 
arrive at the societies every 2—3 days. 
One of the societies with 562 members 
handles about 500 t a month. When an 
order for shells is received, the society 
rents a large canoe (6 m long and 3 
m wide) that is paddled by its 4-man 
crew of laborers by water to the fisher- 
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Figure |la.—A fisherman and his wife are at a quay near their house and yard. They 
are removing their black clams from their canoe, washing and putting them into a 
cart to take them to the processing site in their yard. 


Figure 11b.—A fisherman has just arrived from harvesting and his wife is carrying 
them to the processing site in their yard. 


men’s homes. The crewmen carry the 
shells from the yards on their heads in 
aluminum tubs or bamboo crates and 
dump them into the canoe. The quan- 
tities are measured by using a box in 
the canoe that holds 20 kg. The boat 
collects about one ton of shells from 
each of 12 fishermen’s yards in a day. 
The collections from all fishermen 


yards take about 3 hr. The crew returns 
to the society shell depot, a wide yard 
on the shore, with the load and piles 
it. A truck from a company in neigh- 
bouring Tamil Nadu state collects the 
shells and brings them to its plant for 
processing. Each crew collects shells 6 
times a month, so it collects 72 tons a 
month. The factories that purchase the 
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shells pay for collecting and transport- 
ing them. 

The secretary of the society maintains 
a record of the quantity collected from 
each fisherman. The fishermen receive a 
fixed price of Rs.1,350—1 500 (US$30- 
33)/t for their shells. The society pays 
the fishermen each month whenever the 
fisherman requests it in a lump sum. 
During 2008-09, a total of 46,192 t of 
black clam shells worth Rs.57 million 
(US$1.21 million) were sold through 
the Kerala societies. The demand for 
black and white clam shells is stronger 
than the supply. 

Four societies also handle the white 
(mined) clam shells. In one of the societ- 
ies, the Vaikom Black Clam Industrial 
Co-operative Society, 400 members col- 
lect live clam shells while 50 members 
collect white clam shells. 


White Clam Harvesting 


Large scale dredging for the white 
clam shells is practiced in Vaikom and 
Allappuzha. The subsoil deposit of 
white clams in the lake is estimated at 
about 4.5 million tons. The shells are 
taken at a rate of 41,000 to 69,000t/ 
yr. The taking of the shell deposits is 
controlled by the government. Dredges 
are used where waters are about 3 m 
(8-9 ft) deep. One of the largest shell- 
dredging companies, Travancore Ce- 
ments Limited Co. (TCL), uses a cutter 
suction dredger with a pumping capacity 
of 2,500 gal/min (Fig. 17). The volume 
of shell it brings up varies from 5 to 
10% of the dredged material: water and 
solids. A filtering unit separates the shell 
from sand-clay and water (Ravindran et 
al., 2006). 

The wash debris slides back into the 
dredged track, thus leveling it to an 
extent. Sand and other heavier particles 
settle immediately in the track. The 
trench gets deepened only to the volume 
of lime shell removed. Particles less than 
100 microns, however, are carried with 
the water current. Depending on the cur- 
rent magnitude, particles finer than 100 
microns settle slowly while the particles 
less than 2 microns do not really settle 
under natural conditions and cause mild 
water turbidity. The physical effect of 
the dredging on the quality of the adjoin- 


Figure 12.—A grandmother is feeding dried palm leaves into a fire that is cooking 


part of the day’s catch of black clams. 


Figure 13.—A fisherman shaking the meats from the shells of cooked black clams 
he harvested earlier in the day while his wife watches. The meats fall onto a plastic 
sheet and the shells are tossed onto the pile to the right of the fishermen. 


ing water is minor and is limited to the 
immediate vicinity. The clam shell is 
transferred to a barge, taken to a shore 
site, and then by truck to the factory. The 
government limits the operation of the 
TCL dredger to 50 acres of bottom area/ 
year (Ravindran et al., 2006). 

During the operations, the dredging 
of bottom material also removes the 


benthic animals living on and in the 
sediment in the excavation site. Only 
the finfish can avoid the dredging site 
(Ravindran et al., 2006). 

The white clam shells are also har- 
vested by individual fishermen, who 
use hand rakes from their canoes. Each 
fisherman collects 250-300 kg of white 
clam shells/day (Ravindran et al., 2006). 
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Figure 14.—This fisherman’s wife separates the meats from the 
shells of black clams by shaking a basket with holes of appropriate 


Figure 16.—This woman is about to 
walk to various homes in her village 
selling the day’s harvest of black 
clam meats, about 14 kg (30 Ibs), on 
a rainy day. 


There are 8 times more black clams 
collected than white clam shells in 
Vembanad Lake. The white shells 
bring a higher price than the black 
shells. The white clam shells are used 
to make white cement and some go 
to poultry farms for hardening egg 
shells. 


Figure 15.— Before the black clam meats are sold they 
are rinsed of mud and any small shells are removed 


by hand at a quay. 


Figure 17.-—-A barge mining white clam shells, Villorita cyprinoides, from beneath 


sediments in Vembanad Lake. 


Black Clam Fishery 
in Ashtamudi Lake 


The black clams are harvested in 
relatively minor estuaries also, such 
as Ashtamudi Lake in Kerala (Fig. 
18). Ashtamudi Lake lies 145 km (80 
mi) south of Vembanad Lake and has 
an area of 12.4 sq mi. The lake is per- 
manently open to the Arabian Sea and 
the Kallada River runs into the lake, 


giving it an estuarine environment. Its 
black clam fishery was described by 
Appukuttan et al. in 1988. The black 
clam beds extended over about 125 
acres, though the clam distribution was 
patchy in many places. At least 150 
people including 20-25 women har- 
vested the black clams. From 75 to 90 
canoes were used every day. The clams 
were gathered by hand-picking or with 
a rectangular metal frame attached to 
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a net bag. The frame is dragged on the 

bottom to gather the clams. The clams 

are emptied into canoes or submerged ASHTAMUDI! LAKE 
baskets. One person with a canoe got 
about 225 lbs of clams/day. The meat 
was sold to local households and in 
nearby markets. Women harvested 
the clams in wading waters. About 
100 additional women, who worked 
in nearby cashew factories, harvested 
the clams when there was no work in 
the factories. There was a good demand 
for the clam shells. Annual production 
from the lake was estimated at about 
5,000 to 6,000 t of black clams. 
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Declining Trend 
in Young Fishermen 


It can be inferred that far fewer 
fishermen will be available to har- 
vest the clams in 20 to 30 years from 
now, because the younger fishermen 
comprise a small percentage of clam Kilometers 
fishermen and few teenagers wish to ARABIAN 
earn their livelihoods diving for black SEA 
clams (Fig. 19). If this takes place, 
more efficient harvesting methods 
will need to be developed to provide 
consumers with this clam meat and 
the shells. 
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Figure 18.—Ashtamudi Lake showing the black clam harvesting areas. 
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